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DISKETTE DRIVES 


1.17 


1.2 


INTRODUCTION 


Three types of diskette drives are available from Compaq Computer Corporation: a 
5 1/4-inch 360-Kbyte, a 5 1/4-inch 1.2-megabyte, and a 3 1/2-inch 1.44-megabyte. 


This chapter contains the following information: 
= Diskette drive controller circuit [1.2] 

=» Diskette drives [1.3] 

=" Connectors [1.4] 


=" Specifications [1.5] 


DISKETTE DRIVE 
CONTROLLER CIRCUIT 


The diskette drive controller circuitry can control two diskette drives and one 
40-megabyte tape drive. 


The controller circuit uses five I/0 port addresses. These I/O port addresses 
transmit data to and from a diskette drive, control drive functions, and read 


the current drive status. Table 1-1 lists the port addresses. 


Table 1-1. Port Addresses for the Diskette Drive Controller Circuits 


Port 
1 2 Read/Write Register Function 
3F ih 37 1h R Media ID 
3F2h 372h W Drive Control 
3F4h 374h R Main Status 
3F5h 375h R/W Data 
3F7h 377h R/W Data Transfer Rate Control 


Diskette Drive Status/Fixed Disk 
Drive Status 


ie 
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Diskette Drive 
Controller Registers 


The Diskette Drive Controller registers are described in the following paragraphs. 


Media ID (3F1h, Read Only) 


The Media ID register can be used to identify a 3 1/2-inch diskette drive and the 
media installed in the drive. The format for this register is: 


BIT 
76543210 
Litt t tf 


Reserved 


LOW DENSITY- media ID bit 
To identify 3 1/2-inch diskette drives: 


1. Select drive, turn motor on using 3F2h. 

2. Wait two milliseconds 

3. Set the data rate to 250 kilobytes per second (Kbytes per second) by writing 
02h to 3F/h. 

4. Read bit <7> at 3Flh LOW DENSITY-. If LOW DENSITY- is low, the drive (type) 
is a 3 1/2-inch diskette drive. If LOW DENSITY- is high, the drive is 
indeterminate and the media ID bit cannot be used to determine the type of 
media installed. 


To identify media type: 


(If the drive is determined not to be a 3 1/2-inch diskette drive using the above 
procedure, the media type is indeterminate. If the drive is a 3 1/2-inch diskette 
drive, the following procedure can be used. } 


Select drive, turn motor on using 3F2h. 

. Wait two milliseconds 

. Clear the DISKETTE CHANGE- signal if it is active. 

Set the data rate to 500 Kb/s by writing 00h to 3F/h. 

Read bit <7> at 3Flh. If the bit is low, 720-megabyte media is installed. 
If the bit is high, 1.44-megabyte media is installed. 


OB W PO Ff 
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Drive Control (38F2h, Write Only) 


The Drive Control register controls the functions of interrupt and DMA enable, 
DRIVE MOTOR ON, DRIVE SELECT, and controller reset. The format for this 
register is: 


BIT 
76543210 


Lt 00 Diskette drive 1 selected 


01 = Diskette drive 2 selected 
10 = Reserved 

11 = Tape drive selected 

QO = Reset drive controller 

1 = Reenable drive controller 
QO = Interrupts and DMA disabled 
1 = Interrupts and DMA enabled 
O = Diskette drive 1 motor OFF 
1 = Diskette drive 1 motor ON 
O = Diskette drive 2 motor OFF 
1 = Diskette drive 2 motor ON 
Reserved 


Main Status (3F4h, Read Only) 


The Main Status register of the diskette drive controller IC is used as the 
Diskette Drive Status register. 


Data (3F5h) 


Commands and data are written to this port. Data and status bytes are read from 
this port. 


[3 
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Data Transfer Rate Control (83F7h, Write Only) 


This register contains the current data transfer rate in kilobits per second 


(Kb/s). The format for this register is: 


Data Transfer Rate (Kb/s) 


BIT 
76543210 
00 = 500 
O01 = 300 
10 = 250 
ll = 
Reserved 


Diskette Drive and Fixed Disk Drive Status (8F7h, Read Only) 


This register provides both diskette drive 1 status information (bit <7>) and 
fixed disk drive 1 status information (bits <6..0>). 


is as follows: 


BIT 
76543210 


Reserved 


| op 


Reserved 
Reserved 
Reserved 
Reserved 
Reserved 
Reserved 


Diskette 
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for 
for 
for 
for 
for 
for 


for 


1000 (80/120 tape drive) 


fixed disk drive 
fixed disk drive 
fixed disk drive 
fixed disk drive 
fixed disk drive 
fixed disk drive 


fixed disk drive 


change 


The format for this register 
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Drive Controller 


The drive controller accepts commands from the system and controls most drive 
functions and the transfer of data to the drives. 


The drive controller operates in the ISA-compatible DMA mode for data transfers 
to and from the system. It issues a DMA request (DRQ2) signal and receives a 
DMA acknowledge (DACK2-) signal for each byte transferred. 


All drive controller commands have three operating phases: 


= The command phase, in which the drive controller receives the command from 
the system 


= The execution phase, in which the drive controller carries out the command 


= The results phase, in which the status and results are read back from the 
drive controller to the system 
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Programmable 
Data Transfer Rate 


The system can transfer data at various rates depending on the peripheral device 
and the type of media being used. 


The Data Transfer Rate Control register (3F7h) describes the bits that specify 
the transfer rate. Table 1-2 lists the data transfer rates of various peripheral 
devices and medias. 


Table 1-2. Programmable Data Transfer Rate 
Data Transfer 


Rate (in Kb/s) When Using: 

500 1.2-MB diskette drive with 1.2-MB media 

500 40-MB tape drive with 40-MB media 

500 1.44-MB diskette drive with 1.44-MB media 

300 1.2-MB diskette drive with 360-KB media 

250 360-KB double-density diskette drive with 360-KB media 
250 40-MB tape drive data with 10-MB media 

250 1.44-MB diskette drive with /20-KB media 


COMPAQ Peripherals Technical Reference Guide 


1.3 


Section 1 Mass Storage 


DISKETTE DRIVES 


COMPAQ personal computers can support two diskette drives. When two diskette 
drives are installed they are connected in a daisy-chain (one after another on 
the same cable) from a single controller. 


The 1.44-megabyte, the 1.2-megabyte, and the 360-Kbyte diskette drives are 
configured to respond to the DRIVE 2 SELECT- signal. 


However, it is the drive placement on the cable that determines which one becomes 
drive A. The controller cable has two diskette drive connectors, one for drive A, 
the other for drive B. A third connector is for a tape drive. Any diskette drive 
configured, as described above, and plugged into the drive A connector, becomes 
drive A; likewise, a drive plugged into the drive B connector, becomes drive B. 


The drive A connector is positioned between a pair of cable twists. This pair of 
cable twists allows two drives that are configured identically to be accessed 
independently. The drive B connector and 40-megabyte tape drive connector are on 
the untwisted portion of the cable. 


NOTE: A 1.44-megabyte diskette drive can be configured as either drive A 
or B. However, a 360-Kbyte drive can only be configured as drive B 
on PC systems. 


a 
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Figure 1-1 is a functional block diagram for a diskette drive. 


Diskette/Tape Controller Power Input 


Interface (To All Circuits) 


Motor Index Activity Control Control Read Circuits 
Control Sensor LED Logic Logic 

Circuit Indicator 

Write Circuits 


Head 
Drive Stepper a ' 
over write Protec 
Read/Write 
Head 


Figure 1-1. Diskette Drive Functional Block Diagram 
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1.2-Megabyte Diskette Drive 


The 1.2-megabyte diskette drive is a high-capacity diskette drive with the 
following features: 


ms 1/3-height, 5 1/4-inch diskette drive 


= Two transfer rates: 300 Kbytes per second (low density) or 500 Kbytes per 
second (high density) 


= Data storage on 80 tracks (96 TPI) 


To read or write to 48-TPI media, the software must step the 96-TPI drive head 
twice between each 48-TPI track. Because the track width of the 96-TPI diskette 
drive is half the track width of the 48-TPI diskette drive, standard 48-TPI 
diskette drives may not be able to reliably read diskettes written by the 96-TPI 
drive in the 48-TPI format. 


w 


360-Kbyte Diskette Drive 


The 360-Kbyte diskette drive has the following features: 
ms 1/3-height, 5 1/4-inch diskette drive 


=» Single transfer rate of 250 Kbytes per second 


= Double-sided, double-density (DSDD) on 40 tracks (48 TPI) 
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1.44-Megabyte 
Diskette Drive 


The 1.44-megabyte diskette drive is a high-capacity diskette drive with the 
following features: 


= l-inch high, 3 1/2-inch diskette drive 


= Two transfer rates: 250 Kbytes per second (low density) or 500 Kbytes per 
second (high density) 


= Data storage on 80 tracks (135 TPI) 


=m Write- and read-compatible with low density (720 Kbyte) 3 1/2-inch media 
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CONNECTORS 


A diskette drive has two connectors: control and power. Table 1-3 lists the 
diskette drive control signals (I/0 is relative to the drive). 


Table 1-3. Diskette Drive Control Signals 
Signal Pin I/0 Description 


LOW DENSITY- 2 I When using high-capacity drives, this signal selects High 


or Low mode (see note 1) 


MEDIA ID- 4 0 Indicates that a low-density diskette is in the drive or 


that the LOW DENSITY- signal is active (low). This signal 
is in the inactive state (logic high) when a high-density 
diskette is in the drive and the LOW DENSITY- input signal 
is inactive or high (see note 3) 


DIRECT ION- 18 I Selects the direction in which to move the head when a 
step pulse is issued 

DISKETTE 34 QO Indicates to diskette drive controller that the drive door 

CHANGE- has been opened (and possibly different media installed) 
(see note 1} 

DRIVE 2 12 I Allows the selection of a diskette drive so that it can 

SELECT = respond to the interface signals 

INDEX- 8 0 Indicates to the diskette drive controller that the media 


index hole is under the index sensor 
MOTOR 2 ON- 16 | Activates the drive motor 


READ DATA- 30 860 The data-stream read from the diskette containing CLOCK 
and DATA signals 


SIDE SELECT- 32 #4 Selects side 0 (Head 0) or side 1 (Head 1) 


STEP- 20 jt Tells the diskette drive to step the heads one track 
TRACK QOO- 26 QO Indicates to the diskette drive controller that the heads 


are at Track 0 


WRITE DATA- 22 l This stream of data is written to the diskette when WRITE 
GATE- is enabled 


WRITE GATE- 24 ft Enables the diskette drive write circuits so data from 
the WRITE DATA- signal are written 


WRITE 28 OO Indicates to the diskette drive controller that the media 
PROTECT - is write-protected 
NOTES: 1. The LOW DENSITY- and DISKETTE CHANGE- signals are not used on a 
360-Kbyte (48 TPI) diskette drive. 
2. All odd pin numbers are ground. 
3. Media ID is only used on the 1.44-MB diskette drives. 
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1.5 SPECIFICATIONS 


Table 1-4 lists the physical and electrical specifications for the 1.2-megabyte, 
360-Kbyte, and the 1.44-megabyte diskette drives. 


Table 1-4. Physical and Electrical Specifications for the 1.2-Megabyte, 
360-Kbyte, and 1.44-Megabyte Diskette Drives 


1.44-MB 
Diskette Drive 
1.2-MB 360-KB (excluding 5 1/4 
Diskette Drive Diskette Drive adapters) 
Drive Type 2 l 4 
Size: 
Width 5.8 in (14.6 cm) 5.8 in (14.6 cm) 4.0 in (10.2 cm) 
Height 1.0 in (2.5 cm) 1.0 in (2.5 cm) 1.0 in (2.5 cm) 
Depth 8.0 in (20.3 cm) 8.0 in (20.3 cm) 6.056 in (15.4 cm) 
Capacity: 
Unformatted 1,600,000 bytes 500,000 bytes 2,000,000 bytes 
Formatted 1,228,800 bytes 368,640 bytes 1,474,560 bytes 
Flux reversal 9875 FRPI 5876 FRPI 17,434 FRPI 
density (Track 79) (Track 39) (Track 79) 
Data transfer rate 
high/low density 500/300 Kb/s 250 Kb/s 500/250 Kb/s 
Sectors/track 
high/low density 15/9 ) 18/9 
Bytes/sector 512 512 512 
Seek time: 
Track-to-track 3. ms 6 ms 3. ms 
Average 80 ms 80 ms 80 ms 
Settling time 15 ms 15 ms 15 ms 
Rotational speed 360 RPM +1.0% 300 RPM +1.5% 300 RPM +1.0% 
Motor start time 500 ms 500 ms /00 ms 
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FIXED DISK DRIVES 


2.1 


INTRODUCTION 


This chapter contains the following information: 


A functional description of integrated and nonintegrated 
fixed disk drives [2.2] 


15-MHz ESDI Fixed Disk Drive Controller [2.3] 
Fixed disk drive setup for Industry Standard Architecture systems [2.4] 


Fixed disk drive setup for Extended Industry Standard Architecture 
systems [2.5] 


Fixed disk drive types [2.6] 
Fixed disk drive programming [2.7] 


Drive specifications [2.8] 
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~—J 

2.2 FUNCTIONAL 

DESCRIPTION 

Compaq uses both integrated and nonintegrated fixed disk drives in its personal 

computers. An integrated fixed disk drive combines the controller circuitry and 

the fixed disk drive into one assembly. The 20-, 40-, 84-, 110- 120-, and 

210-megabyte fixed disk drives are all examples of integrated drives. 

Nonintegrated drives require a separate controller board and do not have 

controller circuitry on the drive assembly. The 300-, 320-, and 650-megabyte 

models are examples of nonintegrated fixed disk drives. The ESDI controller board 

is used with the 300-, 320-, and 650-megabyte fixed disk drives. 

Both integrated and nonintegrated drives contain the following components: 

=» A sealed head-disk assembly (HDA) 

= Drive electronics 

ws Interface electronics ww 


All of the fixed disk drives used in COMPAQ personal computers function similarly. 
Each system: 


= Connects to the host system either directly (integrated drives) or indirectly 
through a nonintegrated controller board. 


= Has its drive control circuitry 1/0 mapped into specific I/0 addresses. 


= Transfers data to and from the host in 16-bit I/O operations. 
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Figure 2-1 shows functional block diagrams of both integrated and non-integrated 


fixed disk drives. 
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Figure 2-1. 16-Bit Integrated and Non-Integrated Fixed Disk Drives Functional 


Block Diagram 
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NON—INTEGRATED 
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2.3 15-MHz ESDI 
FIXED DISK 
DRIVE CONTROLLER 


The 15-MHz ESDI fixed disk drive controller is compatible with the 15-MHz ESDI 
standard that specifies signal, connectors, and command protocols. 


The 15-MHz ESDI controller: 
= Provides for transfer rates up to 15 MHz 
» Plugs directly into a 16-bit expansion slot 


= Incorporates a 56-bit Error Correction Code (ECC) polynomial for error 
detection and correction 


= Has on-board diagnostics 


= Communicates in Non Return to Zero (NRZ) code 


Figure 2-2 shows a 15-MHz ESDI fixed disk drive controller board. 


CONTROL CABLE CONNECTOR 


DATA CABLE CONNECTOR 


en 2 eee 
ESDI CONTROLLER __ ae O 


O ASSY 001283 


Figure 2-2. 15-MHz ESDI Fixed Disk Drive Controller Board 
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15-MHz ESDI 
Controller Commands 


The 15-MHz ESDI controller is compatible with all software written for the 
Standard fixed disk drive controller. 


The 15-MHz ESDI controller supports all the commands listed in Section 2./, 
“Fixed Disk Drive Programming. 


For the 15-MHz ESDI controller, the Write Precompensation Cylinder register 


(1/0 address 1Flh) is reserved. The 15-MHz ESDI interface does not use 
Write Precompensation. 
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Figure 2-3 shows the functional block diagram for the 15-MHz ESDI controller. 
IRQ14/IRQ15 


ADDRESS BUS 16—BIT 
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DIOW-— Interface Isolation 
DIOR-— Logic and 8— to 
DATA BUS (16—BIT) and I/O 16—Bit 


Decode Converter 


8—BIT DATA BUS 


Status, 
Drive State, 


Control 
Microprocessor 
incase Sie 
Circuit 


COUNTER 
INCREMENT 


Drive Select, 
Digital Output 
Registers 


Sector Buffer 
and 
Address 

Counter 


Fixed Disk 
Drive 
Control 
Circuit 


ESDI Interface 
Drivers and 
Receivers 


Figure 2-3. 15-MHz ESDI Fixed Disk Drive Controller Functional Block Diagram 
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Connectors 


Table 2-1 describes the 34-pin control cable connector pinouts and signal 
descriptions. All I/0 designations are with respect to the drive. 


Table 2-1. 34-Pin Control Cable Connector Signal Descriptions 


Pin 

Signal (see note) I/0 Description 
HEAD SELECT 2°- 2 I Lines that allow selecting individual 

2¢- 4 read/write heads in a binary 

20- 14 code sequence 

al. sig 
WRITE GATE- 6 I Allows data to be written on the disk 
CONFIG/STATUS 8 0 Drive presents serial data on this line 
DATA- upon request from the controller 
TRANSFER ACK- 10 ¢ Line from the drive indicating that a 


transfer request has been acknowledged 
and valid data has been transferred; 
11 transfers handshake with TRANSFER REQ- 
and TRANSFER ACK- 

ATTENTION- 12 0 Signal from the drive indicating the 
drive wants the controller to request 
its status 


SECTOR- 16 0 Indicates the beginning of a sector 

INDEX- 20 Q Indicates the beginning of a track 

READY - 22 ¢ Signal indicates only that the spindle 
is up to speed 

TRANSFER REQ- 24 I Line from the controller requesting that 


one bit of data be sent between the drive 
and the controller: all transfers handshake 
with TRANSFER REQ- and TRANSFER ACK- 


DRIVE SELECT 1- 26 I These bits provide the binary-coded 
DRIVE SELECT 2- 28 I drive select address 
READ GATE- 32 I Signal allows data to be read from 
the disk 
COMMAND DATA 34 I When a command is issued, 16 information 


bits of serial data, plus parity, are 
sent to the drive on this line 


RESERVED 50 
NOTE: All odd numbered pins are ground. 


2-/ 
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Table 2-2 describes the 20-pin data cable connector pinouts and signal 
descriptions. Al] 1/0 designations are with respect to the drive. 


Table 2-2. 20-Pin Data Cable Connector Signal Description 


Signal Pin 1/0 Description 
DRIVE SELECTED= l Q A status line provided to inform the 
controller of the selection status of 
the drive 
SECTOR- 2 0 Indicates the beginning of a sector 
COMMAND 3 0 A status line that indicates command 
COMPLETE- completion to the controller 
ADDRESS MARK 4 0 The trailing edge of this signal with 
ENABLE- the WRITE GATE- asserted initiates writing 
the sync field on the drive 
+READ/REFERENCE 10 Q Differential clock signal used for reading 
CLOCK data bits from the drive 
-READ/REFERENCE 1G: Q 
CLOCK 


+NRZ WRITE DATA 13 A differential pair that defines the data 
-NRZ WRITE DATA 14 to be written on the track 


] 
] 
+NRZ READ DATA 1/7 0 Data recovered by reading previously 
-NRZ READ DATA 18 0 written information is transmitted to the 


controller via this differential pair 


+WRITE CLOCK / I A differential pair of clocks used for 
-WRITE CLOCK 8 I writing data bits to the drive 
INDEX 20 0 Indicates the beginning of a track 
GROUND 9,6,/ 

leq. 06 

16,19 


COMPAQ Peripherals Technical Reference Guide 


a Section 1 Mass Storage 279 


2.4 FIXED DISK DRIVE 
SETUP FOR ISA 
SYSTEMS 


Fixed disk drives vary in the number of heads, cylinders, sectors per track, and 
other internal components. Each fixed disk drive has parameters that the computer 
must know in order to control it. These parameters are stored in ROM on the 
system board. 


The software utility program SETUP is used to specify the type of fixed disk 
drive(s) installed in the system. SETUP stores the fixed disk drive type in the 
CMOS configuration memory on the system board. SETUP can be found on the USER 
DIAGNOSTICS diskette. 


2.5 FIXED DISK DRIVE 
SETUP FOR EISA 
— SYSTEMS 


The EISA software setup process is different from the setup described for non-EISA 
systems. The COMPAQ EISA CONFIGURATION utility must be run to select and program 
necessary parameters such as operating system, and other parameters concerning the 
type of fixed disk drives used. 


This configuration information is stored in the CMOS configuration memory and 
within the drive array. The information is accessed exclusively by the 
IDA controller. 
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2.6 FIXED DISK 
DRIVE TYPES 


All fixed disk drive parameters for all drives supported by Compaq are included in 
Table 2-3. The values (such as number of heads and cylinders) for drive types 
other than those supported by Compaq are subject to change. A value in the Write 
Precompensation Cylinder column indicates the cylinder on which the Drive Write 
Precompensation begins. A value in the Landing Zone Cylinder column indicates the 
factory-set location where the drive parks the heads at power-down. Fixed disk 
drives supplied by Compaq automatically retract the heads and lock them in a 
non-data landing zone at power-down. 


Table 2-3. Fixed Disk Drive Parameter Values 


Pre-comp Landing 
Drive Max. Cyl. Zone Cyl. Sectors/ 
Type Cylinders Heads (note 1) (note 2) Track ECC Capacity 
] 306 4 128 305 17 4 10.65 
(note 3) 
2 615 4 128 638 17 4 21.41 
(note 3) 
3 615 6 128 615 1/7 4 32.12 
4 1024 8 512 1023 1/7 4 71.30 
5 805 6 =| 805 1/7 4 42.04 
6 69/7 5 128 696 17 4 30.33 
(note 3) 
/ 462 8 256 on! 1/ 4 32.1/ 
8 925 5 128 924 17 4 40.26 
e) 900 ies = 899 1/ 4 17.50 
10 980 é a1 980 1/7 4 42.65 
ll 925 / 128 924 17 4 56.36 
1 925 Q 128 924 1/ 4 72.46 
(note 3) 
13 612 8 256 611 1/ 4 42.61 
14 980 4 128 980 1/ 4 34.12 


15 Reserved - not for use by end user 
NOTES: 1. A value of -1 means that no write precompensation is used. 
2. These values do not apply to fixed disk drives supplied by Compaq. 
Fixed disk drives installed by Compaq automatically retract and lock 
the heads in a non-data landing zone at power-down. 


3. Drive types supported by Compaq. 
Continued 
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Table 2-3. Continued 
Pre-comp Landing 

Drive Max. Cyl. Zone Cyl. Sectors/ 
Type Cylinders Heads (note 1) (note 2) Track ECC Capacity 
16 612 4 0 612 17 4 213 
17 980 5 128 980 17 4 42.65 
(note 3) 
18 966 5 128 966 17 4 42.04 
19 754 11 -] 753 17 4 72.19 
20 733 5 256 732 17 4 31.90 
21 733 7 256 732 17 4 44.66 
22 524 4 -] 524 40 4 42.93 
(note 3) 
23 924 8 -] 924 17 7 64.34 
24 966 14 -] 966 17 7 117.71 
25 966 16 -] 966 17 7 134.53 
(note 3) 
26 1023 14 -] 1023 17 ] 124.66 
27 832 6 -1 832 33 7 84.34 
(note 3) 
28 872 14 -] 872 52 ] 325.03 
(note 3) 
29 1240 / -] 1240 34 / 151.10 
30 615 4 128 615 25 4 31.49 
31 615 8 128 615 25 4 62.98 
32 905 9 128 905 25 ] 104.26 
33 832 8 -] 832 33 / 112.46 
(note 3) 
34 966 7 -] 66 34 7 ee ay wi 
35 966 8 -] 966 34 134.53 
(note 3) 
36 S66 9 -] 966 34 ] 151.35 
37 966 5 -] 966 34 7 84.08 
38 611 16 -] 611 63 7 Calesreols: 
(note 3) 
NOTES: 1. A value of -1l means that no write precompensation is used. 


2. These values do not apply to fixed disk drives supplied by Compaq. 
Fixed disk drives installed by Compaq automatically retract and lock 
the heads in a non-data landing zone at power-down. 


3. Drive types supported by Compaq. 
Continued 
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Table 2-3. Continued al 
Pre-comp Landing 

Drive Max. Cyl. Zone Cyl. Sectors/ 

Type Cylinders Heads (note 1) (note 2) Track ECC Capacity 

39 1023 17 =] 1023 33 ] 190.13 

40 1023 15 =) 1023 34 / 267.13 

4) 1631 15 -] 1631 52 ] 651.36 

(note 3) 

42 1023 16 -] 1023 63 / 527.97 

43 805 4 =| 805 26 4 42.86 

(note 3) 

44 805 2 =| 805 26 4 21.43 

45 748 8 -] 748 33 i 101.11 

(note 3) 

46 748 6 -] 148 33 / 15.83 

47 966 5 128 966 25 4 61.82 

(note 3) 

48 Reserved - not for use by end user 

49 816 30 -] 816 52 / 651.76 

(note 3) 

90 760 8 =4 /60 39 ] 121.41 

a1 683 16 -] 683 38 / 212.62 

92 Reserved - not for use by end user 

53 548 4 =) 948 38 / 42.65 

54 615 4 =] 615 17 / 21.41 

O05 760 4 -] 760 39 ] 60.70 

ole 528 8 -] 528 39 / 84.34 

oy 629 16 = 629 63 / 324.62 

58 Reserved - not for use by end user 

59 Reserved - not for use by end user 

60 Reserved - not for use by end user 

6] Reserved - not for use by end user 

62 Reserved - not for use by end user 

63 Reserved - not for use by end user 

64 Reserved - not for use by end user 


NOTES: 1. A value of -1 means that no write precompensation is used. 
2. These values do not apply to fixed disk drives supplied by Compaq. 
Fixed disk drives installed by Compaq automatically retract and lock 
the heads in a non-data landing zone at power-down. 


3. Drive types supported by Compaq. 


Continued 
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Table 2-3. Continued 
Pre-comp Landing 
Drive Max. Cyl. Zone Cyl. Sectors/ 
Type Cylinders Heads (note 1) (note 2) Track ECC Capacity 
65 Reserved - not for use by end user 
66 Reserved - not for use by end user 
67 Reserved - not for use by end user 
68 Reserved - not for use by end user 
69 940 8 =] 940 63 ] 242.57 
70 705 16 -] 705 63 ] 363.85 
71 940 16 -] 940 63 ] 485.13 
72 564 32 =| 564 63 / 582.16 
13 1128 16 =f 1128 63 ] 582.16 
74 58/7 32 =) 58/7 63 ] 605.90 
75 1174 16 =i. 1174 63 ] 605.90 
76 705 32 = 705 63 ] 727.70 
77 1410 16 -] 1410 63 7 727.70 
18 752 32 -] 752 63 ] 776.21 
79 1504 16 -] 1504 63 ] 776.21 
80 822 32 =| 822 63 / 848.46 
81 1644 16 -] 1644 63 / 848.46 
82 940 32 -] 940 63 / 970.26 
83 1880 16 -] 1880 63 ] 970.26 
84 823 16 -] 823 63 ] 424.75 
85 617 32 -] 617 63 ] 636.86 
86 1234 16 -] 1234 63 ] 636.86 
8/7 823 32 a) 823 63 ] 849 .49 
88 1646 16 =] 1646 63 / 849.49 
89 Reserved - not for use by end user 
90 96/7 32 -] 96/7 63 ] 1018.77 
9] 1974 16 =| 1974 63 / 1018.77 
92 514 64 -] 514 63 / 1061.09 
93 2056 16 =| 2056 63 ] 1061.09 
94 617 64 -] 61/7 63 ] 1273./2 
NOTES: 1. A value of -1 means that no write precompensation is used. 
2. These values do not apply to fixed disk drives supplied by Compaq. 
Fixed disk drives installed by Compaq automatically retract and lock 
the heads in a non-data landing zone at power-down. 
3. Drive types supported by Compaq. 
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Table 2-3. Continued 
Pre-comp Landing 
Drive Max. Cyl. Zone Cyl. 
Type Cylinders Heads (note 1) (note 2) 
95 2468 16 -] 2468 
96 658 64 vi 658 
97 2632 16 =A 2632 
98 720 64 -] 720 
99 2880 16 -] 2880 
100 823 64 aa 823 
101 3292 16 = 3292 
102 872 28 =] 872 
103 1744 14 -] 1744 
104 816 60 -] 816 
105 3264 is = 3264 
NOTES: 1. 


Sectors/ 
Track 


63 
63 
63 
63 
63 
63 
63 
52 
52 
32 
92 


CC 


E 
/ 
/ 
/ 
/ 
/ 
/ 
/ 
/ 
/ 
/ 


/ 


A value of -l means that no write precompensation is used. 


Capacity 
1273./2 
1358.36 
1358.36 
1486.36 
1486.36 
1696.99 
1696.99 
650.05 


650.05 


1303 01 


1303.51 


2. These values do not apply to fixed disk drives supplied by Compaq. 
Fixed disk drives installed by Compaq automatically retract and lock 
the heads in a non-data landing zone at power-down. 


3. Drive types supported by Compag. 
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2. FIXED DISK DRIVE 
PROGRAMMING 


All COMPAQ Fixed Disk Drive Controllers, including the Standard Interface of the 
32-bit IDA Controller, are fully compatible, which means that the I/O addresses, 
registers, and command structures are identical. The following paragraphs present 
information common to all fixed disk drive systems supported by Compaq. 


Registers 


Table 2-4 lists the standard and alternate I/0 addresses for a fixed disk 
drive controller. 


Table 2-4. Fixed Disk Drive Controller I/0 Addresses 
1/0 Address 
i 2 R/W Register 
LFOh 170h R/W Data 
ela L71h R Error 
LFlh 1l7in W Write Precompensation Cylinder 
LF2h 172h R/W Sector Count 
LF3h 173h R/W Sector Number 
1F4h 174h R/W Cylinder Low 
LF5h 175h R/W Cylinder High 
1F6h 176h R/W Drive Select/Head 
LF7h 177h R Status 
LF7h 177h W Command 
3F6h 376h R Alternate Status 
3F6h 376h W Control 
3F7h 377h R Drive Address’ (see note} 
3F7h 377h Not used for fixed disk drives 
NOTE: Only bits D<6..0> are resident on the fixed disk drive controller. 


Bit <7> of this I/0 address is resident on the system board and is part 
of the diskette drive controller. 
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Data (1FOh) 


All data to the fixed disk drive controller must pass through the Data register. 
The Data register is also the port to which the sector table is transferred during 
format commands. All transfers are high-speed 16-bit I/0 operations except for 
Frror Correction Code (ECC) bytes transferred during Read/Write Long commands. 


Error (1F1h) (Read Only) 


The Error register contains the error status from the last command executed by the 
fixed disk drive controller. The contents of this register are valid: 


= When the error bit is set in the Status register 


=» When the fixed disk drive controller has completed execution of its 
internal diagnostics 


The contents of the Error register are interpreted as a diagnostic status byte 
after the execution of a diagnostic command or when the system is initialized. 


The format of the Error register byte is shown below. 


BIT 
76543210 


- 


= The data address mark has not been found after finding 
the correct ID field. 


1 = Track 0 has not been found during a Recalibrate command 


1 = The requested command has been aborted because the fixed 
disk drive status is invalid or because the command code 
is invalid. 


Reserved 

1 = The requested sector ID field could not be found. 
Reserved 

1 = A non-correctable data error has occurred. 


l 


A bad-block mark was detected in the requested sector 
ID field. 
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Write Precompensation Cylinder (1F1h) (Write Onl 


The Write Precompensation Cylinder register defines the cylinder on which Write 
Precompensation begins. Precompensation time-shifts write data bits to help 
negate an opposite shift induced by the magnetic recording process. The 
controller multiplies the value in the register by four, giving the bits of this 
register greater than usual value, or weight’ (see diagram). 


BIT 
76543210 


fr 


— }— -— -— -— + -— -— 
Hot MW MW ot ou th on 
RO 
Oo) 


The following tabulation gives some bit values and the resulting starting 
cylinders for Write Precompensation: 


starting 
Bits Cylinder 
00000001 4 
00000010 6 
00000100 16 
00001000 32 
00010000 64 
00100000 128 
01000000 256 
10000000 512 


lm mmm 
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Sector Count (1F2h) 


The Sector Count register defines either the number of sectors of data to be read 
or written or the number of sectors per track for format commands. If the value 
in this register is zero, a count of 256 sectors is specified. The sector count 
is decremented as each sector is accessed. The Sector Count register contains the 
number of sectors left to access when an error occurs in a multisector operation. 


During the Initialize Drive Parameters command, the Sector Count register contains 
the number of sectors per track. 


sector Number (1F3h) 


The Sector Number register contains the starting sector number for any fixed disk 
drive access. 


BIT 
76543210 


Starting sector number 


At the completion of each sector and at the end of the command, this register is 
updated to reflect the last sector correctly read/written or the sector on which 
an error occurred. 


eee nn nn ee 


COMPAQ Peripherals Technical Reference Guide 


= Section 1 Mass Storage Zoi 


Cylinder Low and Cylinder High (1F4h and 1Foh) 


The Cylinder Low and Cylinder High registers contain the starting cylinder number 
for any fixed disk drive access. 


The Cylinder Low register is for the least-significant eight bits of the 11-bit 
cylinder number. The three most-significant bits of the cylinder number, bits 
<10..8> should be loaded into the Cylinder High register. Bit <2> of the Cylinder 
High register is the most-significant bit of the 11-bit cylinder address. At the 
completion of a command, these registers are updated to reflect the current 
cylinder number. 


Cylinder Low register: 


BIT 


76543210 
Ltt jj jt | Least-significant eight bits of 11-bit cylinder number 


Cylinder High register: 


BIT 
76543210 


Most-significant three bits of 11-bit cylinder number 


Reserved 


a erm a ee Eee 
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Drive Select/Head (1F6h) 


This register contains the parameters defined below: 


BLT 
76543210 

Head select number 
0000 = 0 1000 = 8 
0001 = ] 1001 = 9 
0010 = 2 1010 = 10 
0011 = 3 101? = 11 
0100 = 4 1100 = 12 
O111 = 5 1101 = 13 
0110 | -6 1110 = 14 
Oll1 = 7 lll1l = 15 

Drive select 
O = Drive l 
| = Drive 2 


Reserved = 101 


NOTE: Setting bit <4> (Drive Select 2) to "1," when no Drive 2 is present, 
may cause the remaining Controller registers not to respond until 
Drive 1 is selected again. 
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Status (1F7h) (Read Only) 


This register contains the fixed disk drive controller and fixed disk drive 
status. The contents of this register are updated at the completion of each 
command. If the Busy bit is set, no other bits are valid. Reading this 
register clears the hardware interrupt line, IRQ14. 


BIT 
76543210 


L_ 1 = Error has been detected. Examine the Error register and the 
other bits in this register to determine the source. 


1 = Drive INDEX- signal is active 


1 = A correctable data error has occurred and has been corrected. 
This condition does not terminate a multisector 
read operation. 


1 = Data request--the controller is ready for a byte- or 
word-length data transfer. Verify the state of this bit 
before a data transfer. 


1 = Drive SEEK COMPLETE- signal is active (see note) 
1 = Drive WRITE FAULT- signal is active (see note) 
1 = Drive READY- signal is active (see note) 


1 = Controller is busy executing a command. Other fixed 
disk drive controller register contents are not valid until 
this bit is reset (=0). 
NOTE: When an error exists, the state of the signals does not change until 
the error is read by the system. 
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Command (1F7h) (Write Only) 


The 8-bit code written to this register gives the drive the command that the 
host is requesting. Command execution begins immediately after this register 
is written. A list of executable commands with the command codes and necessary 
parameters for each command follows in Table 2-5. 


Table 2-5. Commands 


Command Command Code Parameters Used 
Name BIT: 76543210 PC SC SN CY DH 
Initialize Drive Parameters 10010001 N YN N Y 
Seek O111XXXxX N N N YY 
Recalibrate 0001XX xX X N N N NO 
Read Sector(s) O01l000LR N Y Y YY 
Write Sector(s) OO0O1l100LR Y Y Y YY 
Read Verify Sector(s) O100000R N Y YY YY 
Format Track 01010000 Y Y¥Y¥ N YY 
Execute Drive Diagnostics 10010000 N N N NOD 
Identify Drive 11101100 N ON WN NOD 
Read Sector Buffer 11100100 N N N NO 
Write Sector Buffer 11101000 N N WN NOD 


LEGEND: PC is the Write Precompensation register 
SC is the Sector Count register 
SN is the Sector Number register 
CY is the Cylinder register 
DH is the Drive/Head register 
L is the long bit; if 1, read/write long commands are executed, 
if 0, normal read/write commands are executed 
R is the retry bit; if 0, retries are enabled, 
if 1, retries are disabled 
Y indicates the register contains a valid parameter; 
for the Drive/Head register, Y means both the drive and 
head parameters are both used 
N indicates the register does not contain a valid parameter for command 
D indicates drive parameter is valid 
X don t care 


eee 
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Alternate Status (8F6h) (Read Onl 


The contents of this register are similar to those of the Status register, except 
in the timing and latch control of the specified signals. Reading this register 
does not clear any hardware conditions. 


BIT 
76543210 


- 


= Error has been detected--examine the Error register and the 
other register bits to determine source. 


1 = INDEX- signal is active 


1 = A correctable data error has occurred and has been corrected. 
This condition does not terminate a multisector 
read operation. 


1 = Data request--the controller is ready for a byte- or 
word-length data transfer. Verify the state of this bit 
before a data transfer. 


1 = SEEK COMPLETE- signal is active 
1 = WRITE FAULT- signal is active 
1 = READY- signal is active 


1 = Controller is busy (executing a command). The contents of the 
other registers are not valid until this bit is reset (=0). 


COMPAQ Peripherals Technical Reference Guide 


_ 2-24 Section 1 Mass Storage 


Drive Control (8F6h) (Write Only} 


The Drive Control register defines several functions of the fixed disk 
drive controller. 


BLT 

76543210 
Reserved 
QO = Enables interrupts 
1 = Disables interrupts 
1 = Resets controller 
0 = Reenables the controller 
Reserved 


Drive Address (8F7h) (Read Only) 


This register loops back the drive select and head select addresses of the most 
recently selected fixed disk drive. The bits in this port are as follows. 


BIT 
76543210 
L_ 


QO = Drive 0 selected 
QO = Drive 1 selected 


Head select 


0000 = 15 1000 = / 
0001 = 14 1001 = 6 
0010 = 13 1010 = 95 
0011 = le 1011 = 4 
0100 = ll 1100 = 3 
0101 = 10 1101 = 2 
0110 = 9 1110 = 1 
Olll =8 L111 = 0 


Q = Drive WRITE GATE- signal is active 


Reserved 
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Commands 


A command is issued to the controller by loading the pertinent registers with the 
needed parameters, enabling the fixed disk drive controller interrupt, and then 
writing the command code to the Command register. Command execution begins when 
a command is written to the Command register (1F/7h). 


Table 2-6 lists the fixed disk drive controller commands. 


Table 2-6. Fixed Disk Drive Controller Commands 

Command Value 

Initialize Drive Parameters Sih 

Seek 7xh 

Recalibrate Ixh 

Read Sectors with retries 20h (without retries 21h) 
Read Long with retries 22h (without retries 23h) 
Write Sectors with retries 30h (without retries 31h) 
Write Long with retries 32h (without retries 33h} 
Verify Sectors with retries 40h (without retries 41h) 
Format Track 50h 

Execute Controller Diagnostic S0h 

Identify ECh 

Read Buffer E4h 

Write Buffer E8h 


mT a 
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Initialize Drive Parameters (91h) 


The Initialize Drive Parameters command enables the host to configure the 
controller to work with fixed disk drives that have different capacities 
and characteristics. 


The Drive Select/Head register must contain the maximum head number, and the 
Sector Count register must contain the number of sectors per track prior to 
executing this command. 


The parameters loaded into the registers prior to issuance of the command define 
the drive configuration for the specified fixed disk drive. 


seek (/xh}) 


The Seek command initiates a Seek to the track and selects the head specified. 
The fixed disk drive need not be formatted for a seek to execute properly. The 
controller supports buffered step seeks, allowing overlapped seeks on the drives. 


After initiating a Seek on one fixed disk drive, another command can be issued 
to the other drive. If a new command is received for a fixed disk drive with an 
outstanding Seek, then the controller waits, with the Busy bit in the Status 
register active, for the Seek to complete before executing the new command. 
There is no time-out condition in the controller while waiting for buffered-step 
seeks to complete. 


Recalibrate (1xh) 


The Recalibrate command moves the Read/Write heads to cylinder 0, head 0 

(track 0). If the fixed disk drive is unable to reach cylinder 0, the command 
is aborted with the error bit set in the Status register and the track 0 bit set 
in the Error register. 
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Read Sectors (20h or 21h) 


The Read Sectors command reads from 1 to 256 sectors as specified in the Sector 
Count register, beginning at the specified sector. If the fixed disk drive is not 
already on the requested track, an implied seek is performed to position heads on 
the target track. 


After reaching the specified track, the controller begins searching for the 
appropriate ID field. If retries are disabled (21h), a maximum of two revolutions 
are taken and, if retries are enabled (20h), 16 revolutions are taken before 
reporting an ID Not Found error. If the ID is read correctly, the data address 
mark must be recognized within a fixed number of bytes, or the Data Address Mark 
Not Found error will be reported. 


After the data address mark is found, the data field is read and the sector read 
is finished with either no error, a correctable data error, or a noncorrectable 
data error, depending on whether or not the ECC bytes are correct for the 
preceding data field. Refer to the drive type table in this section of the manual 
for the number of ECC bytes for a specific drive type. 


If an error occurs during a multisector read, the read terminates at the sector 
where the error occurs. The system may then read the registers and determine what 
error has occurred and on which sector. If the error was a noncorrectable data 
error, the flawed data are stil] returned to the system. 
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Read Long (22h or 23h) 


A Read Long command returns the data field and the ECC bytes contained in the data 
field of the desired sector. 


If retries are enabled (22h), a maximum of 16 revolutions are taken before the 
ID Not Found error is reported. If retries are not enabled (23h), only two 
revolutions are taken before the ID Not Found error is reported. 


During a Read Long operation, the controller does not check the ECC bytes to 
determine if there has been any type of data error. The data bytes are read out 
of the sector buffer at the completion of the command, which is signaled by an 
interrupt. All data transfers are high-speed 16-bit operations and al] ECC byte 
transfers on Read Long commands are slower 8-bit operations. 


Write Sectors (30h or 31h) 


The Write Sectors command writes from 1 to 256 sectors of data, as specified in 
the Sector Count register, beginning at the specified sector. If the fixed disk 
drive is not already on the requested track, an implied seek is performed. 


Once at the desired track, the controller begins searching for the appropriate ID 
field. If retries are disabled (31h), a maximum of two revolutions are taken and, 
if retries are enabled (30h), 16 revolutions are taken before reporting an ID Not 
Found error. If the ID is read correctly, the data loaded in the sector buffer 
are written to the data field of the sector, along with the appropriate number of 
ECC bytes. If an error occurs during a multiple sector write, the write 
terminates at the sector where the error occurs. The system may then read the 
registers, determine what error has occurred, and on which sector. 
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Write Long (82h or 33h) 


The Write Long command writes the data field and the ECC bytes directly from the 
sector buffer; the controller does not generate the ECC bytes. All data transfers 
are high-speed 16-bit operations and all ECC byte transfers on Write Long commands 
are slower 8-bit operations. Refer to the drive type table in this section of the 
manual for the number of ECC bytes for a specific drive type. 


If retries are enabled (32h), a maximum of 16 revolutions are taken before the 
ID Not Found error is reported. If retries are not enabled (33h), only two 
revolutions are taken before the ID Not Found error is reported. 


Verify Sectors (40h or 41h 


This command is identical to the Read Sectors command, except that no data is 
transferred back to the system and no Read Long operations are permitted. The 
read procedure described in the Read command is followed and any errors 
encountered are reported to the system. 


This command executes retries the same as the Read command does, whether enabled 
(40h), or disabled (41h). 
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Format Track (50h) 


This command formats the track specified by the head and cylinder parameters in 
the cylinder high and cylinder low registers. Once the command is issued, a 
sector table is output to the Data register, and additional bytes should be loaded 
into the buffer until it is full (512 bytes). If the fixed disk drive is not 
already on the specified track, an implied Seek is performed. After reaching the 
specified track, the ID and data fields are written using the sector table in the 
sector buffer. 


The sector table contains two bytes per sector on the track. The first byte is 
OOh if the sector is to be formatted normally, or 80h if the sector is to be 
marked bad. The second byte is the logical sector number of the sector. 


As soon as the fixed disk drive controller senses the index pulse from the fixed 
disk drive, formatting begins by writing the first physical sector with the 
logical sector number in the first entry of the sector table. 


Subsequent physical sectors are formatted in turn from the sector table. The 
order of the sector table entries will correspond to the interleave factor of the 
track. Media defects may be marked bad on a sector level, allowing the remainder 
of the track to be used. 


To format a fixed disk drive with more than eight heads, recalibrate (INT 13h, 


AH = 11h) head 0, then format heads 0 through 7. Next, recalibrate head 8 and 
format heads 8 through 15. 
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Figure 2-4 shows the contents of a typical sector table for a 1/-sector track with 
an interleave factor of 2 and sector 3 marked bad. 


cay 


OO 01/00 OA JOO 02/00 0B |80 03]00 O0C|O0O0 04/00 OD 
OO 05/00 OE|OO 06]00 OF |00 07|00 10 |OO 08j00 11 
OO O9|dd dd|dd dd|dd dd/dd ddjdd ddjdd dd|dd dd 
dd dd/dd ddj|dd dd|dd dd}dd dd|dd ddjdd ddjdd dd 


Sector 


dd dd|dd dd{dd ddidd ddidd ddidd dd/dd ddidd dd 


Note: "dd” is a "don’t care’ byte used to make 
up a total of 512 bytes. 


Figure 2-4. Typical Sector Table 
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Execute Diagnostic (90h) 


This command performs the internal diagnostic tests implemented by the controller. 
The results of the test are reported to the Error register immediately after 
execution of the command. The value in the Error register should be viewed as 
a unique 8-bit code and not as the single-bit flags previously defined. 


Table 2-7 lists the error codes and the corresponding description. 


Table 2-7. Fixed Disk Drive Controller Error Codes 


Error Code Description 

Olh No error detected 

O2h Formatter device error 

03h Sector buffer error 

04h ECC circuitry error 

O5h Controller microprocessor error 
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Identify (ECh) 


The Identify command allows the host to receive parameter information from the 
drive. When the command is issued, the controller gets the parameters from the 
drive, stores them in the sector buffer, sets the DRQ bit in the Status register, 
and allows the host to read the information out of the sector buffer. The 
parameter words in the buffer are described in Table 2-8. 


Table 2-8. Identify Command Parameter Words 


Word Contents 

Q General configuration 

l Number of fixed cylinders 

2 Reserved 

3 Number of heads 

4 Number of unformatted bytes per physical track 
5 Number of unformatted bytes per sector 

6 Number of physical sectors per track 

/ Number of bytes in the intersector gaps 

8 Number of bytes in the sync fields 

9 Number of words vendor unique status 

10..19 Serial number (20 ASCII characters, 0 = not specified) 
20 Controller type: 


0000 not specified 

0001 single ported single sector buffer 

0003 dual ported multiple sector buffer with a look-ahead-read 
ALL OTHERS ARE RESERVED 


21 Controller buffer size in 512 byte increments (0 = not specified) 


22 Number of ECC bytes passed on read/write long commands 
(0 = not specified) 
23..26 Controller firmware revision (8 ASCII characters, 0 = not specified} 


27..46 Model number (40 ASCII characters, 0 = not specified} 
47..255 Reserved 
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Table 2-9 gives bit definitions of the general configuration word. 


Table 2-9. Configuration Word Bit Definitions 


Bit Definition 
¢ Reserved 
l 1 = Hard sectored 
2 1 = Soft sectored 
> 1 = Not MFM encoded 
4 1 = Head switch time greater than 15 us 
5 1 = Spindle motor control option implemented 

1 = Fixed disk drive 
7 1 = Removable cartridge drive 
8 1 = Transfer rate less than or equal to 5 Mb/s 
9 1 = Transfer rate greater than 5 Mb/s, but less than or equal 

to 10 Mb/s 

10 1 = Transfer rate greater than 10 Mb/s 
| 1 = Rotational speed tolerance is greater than 5 % = 
12 1 = Data strobe offset option implemented 
13 1 = Track offset option implemented 
14 1 = Format speed tolerance gap required 
ie Q = Magnetic disk drive 


1 = Nonmagnetic disk drive 
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Read Buffer (E4h) 


The Read Buffer command allows the host to read the current contents of the 
controller's sector buffer. When this command is issued, the controller goes 
busy, sets up the sector buffer for a read operation, sets the Data Request bit 
(DRQ), and goes not busy. The host can then read as many as 512 bytes of data. 


Write Buffer (E8h) 


The Write Buffer command allows the host to overwrite the contents of the 
controller's sector buffer with any data pattern desired. When this command is 
issued, the controller goes busy, sets up the sector buffer for a write operation, 
sets the DRQ bit, and goes busy. The host can then write as many as 5l2 bytes 

of data. 
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Fixed Disk Drive Controller 
Error Reporting 


Table 2-10. Errors that are Valid for Each Command 


Command BB UD ID AC TZ AM NR WF SC CD ER 


Initialize Drive Parameters 
Seek 

Recalibrate 

Read Sectors 

Read Long 

Write Sectors 

Write Long 

Verify Sectors 

Format Track 

Execute Controller Diagnostic 
Identify 

Read Buffer 

Write Buffer 

Invalid Command Code 


febefl filet lef lsf fi 
‘Ppt elefelefefs fet 
ell i<tel<{<]<]<[<] 
DO GOGORODOROD 
eloped lefeL fele] fy 
PL lel ele lel<lel<lel «le 
[lle felelelefele[= fel 
| [lelet felelele}elel= lel 


Legend: 

BB = Bad block detected SC = Disk drive seek complete not 
UD = An uncorrectable data error detected 

ID = Requested ID not found CD = A corrected data error 

AC = An aborted command error ER = The error bit in the Status 

TZ = Track @ not found error register 

AM = Data Address Mark not found V = Indicates that this error type is 
NR = Disk drive not ready detected valid for this command 


Disk drive write fault detected 
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SPECIFICATIONS 
Tables 2-11 through 2-20 list fixed disk drive physical and 
electrical specifications. 
Table 2-11. 650-Megabyte Fixed Disk Drive Physical and Electrical Specifications 
Formatted Capacity Per Drive 650 MB 
Drives Supported 2 
Drive Type(s) Supported 41/49 
Transfer Rate (bits/sec) 15 Mb/s 
Sector Interleave 1:1 
Access Time (including settling): 
Track-to-Track (ms) <5 
Average (ms) <18 
Maximum (ms) <40 
Physical Configuration: 
Cylinders 1631 
Heads Be 
Sectors/Track 52 + 1 spare 
Bytes/Sector 512 
Logical Configuration: (Types) 41 49 
Cylinders 1631 8161 
Heads 15 30 
Sectors/Track 52 52 
Bytes/Sector 512 512 


hear 
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Table 2-12. 320-Megabyte Fixed Disk Drive Physical and Electrical Specifications 


Formatted Capacity Per Drive 325 MB 
Drives Supported 2 
Drive Type(s) Supported 28 
Transfer Rate (bits/sec) 15 Mb/s 
Sector Interleave 1:1 
Access Time (including settling): 
Track-to-Track (ms) <5 
Average (ms) <18 
Maximum (ms} <40 
Physical Configuration: 
Cylinders 1744 
Heads ] 
Sectors/Track o2 + 1 spare 
Bytes/Sector 512 
Logical Configuration: 
Cylinders 872 
Heads 14 
Sectors/Track 52 
Bytes/Sector 512 
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Table 2-13. 300-Megabyte Fixed Disk Drive Physical and Electrical Specifications 


Formatted Capacity Per Drive 315 MB 
Drives Supported 2 
Drive Type(s) Supported 38 
Transfer Rate (bits/sec) 10 Mb/s 
Sector Interleave a 
Access Time (including settling): 
Track-to-Track (ms) <5 
Average (ms) <18 
Maximum (ms) <50 
Physical Configuration: 
Cylinders 1220 
Heads 15 
Sectors/Track 34 + 1 spare 
Bytes/Sector 512 
Logical Configuration: 
Cylinders 611 
Heads 16 
Sectors/Track 63 
Bytes/Sector 512 
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Table 2-14. 210-Megabyte Fixed Disk Drive Physical and Electrical Specifications 


Formatted Capacity Per Drive 212 MB 
Drives Supported 2 
Drive Type(s) Supported 51 
Transfer Rate (bits/sec) 12 Mb/s 
Sector Interleave he 
Access Time (including settling): 
Track-to-Track (ms) <5 
Average (ms) <19 
Maximum (ms) <35 
Physical Configuration: 
Cylinders 1366 
Heads 8 
Sectors/Track 38 + 1 spare 
Bytes/Sector 512 
Logical Configuration: 
Cylinders 683 
Heads 16 
Sectors/Track 38 
Bytes/Sector 512 


A 
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Table 2-15. 120-Megabyte Fixed Disk Drive Physical and Electrical Specifications 


Formatted Capacity Per Drive 121 MB 
Drives Supported 2 
Drive Type(s) Supported 50 
Transfer Rate (bits/sec) 12 Mb/s 
Sector Interleave sea 
Access Time (including settling): 
Track-to-Track (ms) <5 
Average (ms) <19 
Maximum (ms) <35 
Physical Configuration: 
Cylinders 1522 
Heads 4 
Sectors/Track 39 + 1 spare 
Bytes/Sector 512 
Logical Configuration: 
Cylinders /61 
Heads 8 
Sectors/Track 39 
Bytes/Sector 512 
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Table 2-16. 110-Megabyte Fixed Disk Drive Physical and Electrical Specifications 


Formatted Capacity Per Drive 112 MB 
Drives Supported 2 
Drive Type(s) Supported 33 
Transfer Rate (bits/sec) 10 Mb/s 
Sector Interleave 1:1 
Access Time (including settling): 
Track-to-Track (ms) <8 
Average (ms) <25 
Maximum (ms) <45 
Physical Configuration: 
Cylinders 832 
Heads 8 
Sectors/Track 33 + 1 spare 
Bytes/Sector 512 
Logical Configuration: 
Cylinders 832 
Heads 8 
Sectors/Track 33 
Bytes/Sector 512 
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Table 2-17. 84-Megabyte Fixed Disk Drive Physical and Electrical Specifications 


Formatted Capacity Per Drive 84 MB 
Drives Supported 2 
Drive Type(s) Supported 27 
Transfer Rate (bits/sec) 10 Mb/s 
Sector Interleave Let 
Access Time (including settling): 
Track-to-Track (ms) <8 
Average (ms) <25 
Maximum (ms) <45 
Physical Configuration: 
Cylinders 832 
Heads 6 
Sectors/Track 33 + 1 spare 
Bytes/Sector 512 
Logical Configuration: 
Cylinders 832 
Heads 6 
Sectors/Track 33 
Bytes/Sector 512 
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Table 2-18. 40-Megabyte Fixed Disk Drive Physical and Electrical Specifications 


Formatted Capacity Per Drive 42 MB 
Drives Supported 2 
Drive Type(s) Supported 17/22 
Transfer Rate (bits/sec) 12 Mb/s 
Sector Interleave 121 
Access Time (including settling): 
Track-to-Track (ms) <8 
Average (ms) | <29 
Maximum (ms) <50 
Physical Configuration: 
Cylinders 1053 
Heads 2 
Sectors/Track 40 + 1 spare 
Bytes/Sector 512 
Logical Configuration: (Types) 17_ 22 
Cylinders 980 524 
Heads 5 4 
Sectors/Track 17 40 
Bytes/Sector 512 512 
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Table 2-19. 40-Megabyte Fixed Disk Drive Physical and Electrical Specifications 


Formatted Capacity Per Drive 42 MB 
Drives Supported 2 
Drive Type(s) Supported 17/43 
Transfer Rate (bits/sec) 12 Mb/s 
Sector Interleave bed 
Access Time (including settling): 
Track-to-Track (ms) <8 
Average (ms) <29 
Maximum (ms) <50 
Physical Configuration: 
Cylinders 805 
Heads 4 
Sectors/Track 26 + 1 spare 
Bytes/Sector 512 
Logical Configuration: (Types) 17_ 43 
Cylinders 980 805 
Heads 5 4 
Sectors/Track 17 26 
Bytes/Sector 512 512 


EE eee 
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Table 2-20. 20-Megabyte Fixed Disk Drive Physical and Electrical Specifications 


Formatted Capacity Per Drive 21 MB 
Drives Supported 2 
Drive Type(s) Supported 2 
Transfer Rate (bits/sec) 10 Mb/s 
Sector Interleave 1:1 
Access Time (including settling): 
Track-to-Track (ms) <8 
Average (ms) <29 
Maximum (ms) <50 
Physical Configuration: 
Cylinders 636 
Heads 2 
Sectors/Track 33 + 1 spare 
Bytes/Sector 512 
Logical Configuration: 
Cylinders 615 
Heads 4 
Sectors/Track 17 
Bytes/Sector 512 
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a Chapter 3 Section 1 Mass Storage 
TAPE DRIVES 


3.1 


INTRODUCTION 


Compaq Computer Corporation offers three tape drives: a 40-Megabyte Tape Drive, 
a 150-/250-Megabyte Tape Drive, and a 320-/525-Megabyte Tape Drive. 


The 40-Megabyte Tape Drive stores a maximum of 40 megabytes on a 3M DC2000 or 
equivalent tape cartridge. Tape utilities for both MS-DOS and MS 0S/2 are 
provided with the 40-Megabyte Tape Drive. 


The 150-/250-Megabyte Tape Drive also supports two tape cartridges. The first 
is a 3M DC6150 tape cartridge, or equivalent, which can store a maximum of 

150 megabytes (ECC turned off). The second is a 3M DC6250 tape cartridge, or 
equivalent, which can store a maximum of 250 megabytes (ECC turned off). The 
150-/250-Megabyte Tape Drive requires a COMPAQ Tape Adapter board. The tape 
operating system, Sytos File Backup Manager, is supplied with the tape drive. 


The 320-/525-Megabyte Tape Drive supports two different capacities of tape 
cartridges. The first is a 3M DC6320 tape cartridge, or equivalent, which can 
store a maximum of 320 megabytes (Directory Track off). The second is a 3M 6525 
tape cartridge, or equivalent, which can store a maximum of 250 megabytes 
(Directory Track off). The 320-/525-Megabyte Tape Drive requires a 

COMPAQ SCSI Option Adapter board. The tape operating system, Sytos Plus File 
Backup Manager, is supplied with the tape drive. 


This chapter contains information on the following drives: 

= 40-Megabyte Tape Drive functional description [3.2] 

= 150-/250-Megabyte Tape Drive functional description [3.3] 
=m 320-/525-Megabyte Tape Drive functional description [3.4] 


oo 
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3.2 40-MEGABYTE 
TAPE DRIVE 
FUNCTIONAL 
DESCRIPTION 


The 40-Megabyte Tape Drive consists of a microprocessor, firmware, stepper motor, 
drive motor, read/write head, and control circuits. 


The logic board uses a Z8 microprocessor with 8 Kbytes of ROM to control the 
drive. The logic board interfaces with the: 


= Movable head, which reads and writes data 

= Cartridge-installed sensor 

= Write-protect sensor 

= Beginning-of-Tape/End-of-Tape (BOT/EOT) sensor 
= Stepper motor, which positions the head 

=» OC power supply 


= Drive motor, which advances and rewinds the tape 


Ne eee 
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Figure 3-1 is a functional block diagram of the 40-Megabyte Tape Drive. 
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Figure 3-1. Functional Block Diagram of the 40-Megabyte Tape Drive 
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40-Megabyte Tape Drive 
Commands 


All tape drive operations are one of five fundamental processes: 


1. Servo Write, which initializes the tape media by writing indexing information 
2. Tape Format, which writes block, sector, and track information onto the tape 


This information joins the indexing information previously written by 
Servo Write. This process prepares data areas consistent with the Diskette 
Controller Chip (DCC) data format. 


3. Write Data, which writes information in the same layout as standard 
diskette tracks 


4. Read Data, which reads information in the same layout as diskette tracks 


5. Erase, which erases all information on tape (including servo and data) 


The Servo Write operation is initiated by executing an Enter Format Mode command 
followed by the Servo Write command. This action moves the tape to the beginning 
at Block 0 and Head 0 and then writes encoding index pulses on the tape in a 
streaming-write mode. These pulses are used solely by the tape drive and are not 
available to the programmer. 


NOTE: If the Servo Write operation is interrupted, the tape cartridge must be 
fully erased before it can be used again. 


The format operation for tape is similar to the format process for diskette 
drives. To format the tape, the integrated fixed disk drive controller on the 
system board takes control of the interface and supplies the track and sector data 
for every block on the track. The data format on the tape has the characteristics 
of a diskette. 


The tape drive accepts commands as pulses on the step line. The number of pulses 
determines the desired command. Any number of pulses not recognized as commands 

are ignored. The tape drive does not recognize the step pulses unless the DCC 1s 
programmed for a 3- or 6-ms gap between pulses. 
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Table 3-1 lists the 40-Megabyte Tape Drive commands. 


Table 3-1. 40-Megabyte Tape Drive Command Summary 


Step 
Pulses Command Action 
2 Stop Motion This command stops tape motion. The BUSY- line 


is active for 500 ms after power is removed 
from the motor. If the tape is not moving when 
the command is issued, the drive will return a 
2-ms pulse on BUSY-; any tape motion command 
except LOAD POINT may be terminated early by 
execution of this command. Execution of the 
Stop Motion command clears an active status 
indication (BUSY- being active); this acts as 
an acknowledgement that the host has read the 


status reported. 
3 Pause This command stops tape motion, moves the tape 

in the logical reverse direction at least 
two blocks, then stops the tape. This command 

ad leaves the tape positioned for reading or 
writing a block that has been missed. INDEX 
pulses are output by the drive while the tape 
is moving, but reading and writing are disabled. 


BUSY- will go inactive when tape movement stops. 
4 Seek to This command causes drive to SEEK TO TRACK 0 

Load Point and rewind the tape at 50 ips (86 ips to the load 
point position just inside the beginning of tape 
(BOT) position. The drive automatically executes 
a SEEK TO LOAD POINT command whenever power is 
applied to the drive and a cartridge is installed, 
or whenever a new cartridge is inserted into the 
drive. BUSY- is active while executing 
this command. 


5 Move Tape This commands moves the tape at 60 ips toward 
Physically end of tape (EOT) position. BUSY- is active 
Forward during execution of this command. While tape 


is in motion, the drive will output index pulses 
at a rate equivalent to that of data blocks 
passing beneath the head. The tape is at EOT 
when this command is issued, and the drive 


responds with a 2-ms pulse on the BUSY- line. 
Continued 
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Table 3-1. Continued 


Step 
Pulses 


6 


Command 
Move Tape 
Physically 
Reverse 


Action 

This command moves the tape at 60 ips toward the 
BOT position. BUSY- is active during the 
execution of this command. If the tape is at 
BOT when this command is issued, the drive 


responds with a 2-ms pulse on the BUSY- line. 


/ 


10 


I] 


12 


13 
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Report Normal] 


Report Drive 


Report End of Tape 


Report Beginning 
of Tape 


Report Cartridge 


Report Track 
Found 


Report New 
Cartridge Present 


This command causes the drive to activate the 

BUSY- line if the Previous TAPE MOTION 

command (MOVE TAPE PHYSICALLY FORWARD or 

REVERSE) was completed normally. If the 

command did not complete normally, BUSY- 

remains inactive. 

Causes drive to activate the BUSY- line if the 

drive is present and capable of interpreting and 

responding to the command. If the drive is not 

present or unable to recognize the command, 

BUSY- remains inactive. 

Causes the drive to activate BUSY- if the head 

is over the EOT position. If the head is 

anywhere else, BUSY- remains inactive. 

Causes the drive to activate BUSY- if the head 

is over the BOT position. If the head is 

anywhere else, BUSY- remains inactive. 

Causes the drive to activate BUSY- if the 

cartridge is installed in the drive. If 

the cartridge is not present, BUSY- 

remains inactive. 

Causes drive to activate the BUSY- line if the 

head is positioned over the track specified in 

the last SEEK TRACK command. If the head is not 

over the track, BUSY- remains inactive. This 

status remains valid until the next TAPE MOTION 

command is issued. 

Causes drive to activate the BUSY- line if the 

Cartridge Present indication on the drive has 

been active, gone inactive, and come back active 

again. If this sequence has not occurred, BUSY- 

remains inactive. If this status is TRUE, it 

will be cleared by executing this command. 
Continued 
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Table 3-1. Continued 
Step 
Pulses Command Action 


14 Move Tape Initiates tape movement in the direction that 
Logically does not allow Reading or Writing of data to 
Reverse the tape. The physical direction of tape 
motion depends on what track the heads are over 
because of the serpentine track pattern used on 
the tape. BUSY- is active during execution of 
this command. There will be no response from 
the drive if the heads are logically at the end 
of the track. 
15 Move Tape Initiates tape movement in the direction that 
Logically allows reading or writing of data to the tape. 
Forward The physical direction of tape motion depends 
on what track the heads are over because of the 
serpentine track pattern used on the tape. 
BUSY- is active during execution of this command 
and index pulses continue to be produced as long 
as the head is track following. There will be 
no response from the drive if the heads are 
logically at the beginning of the track. 
16 Enter Format Puts the drive in mode where INDEX pulses 
Mode are generated at both the beginning and end of 
each tape block. The drive issues a 2-ms 
pulse response. 
17 Enter Norma] Puts the drive in the mode where INDEX pulses 
Mode are generated only at the beginning of each 
tape block. The drive issues a 2-ms 
pulsed response. 
18 Report Expanded The drive gives a positive (TRUE) 2-ms 
Instruction Set pulsed response. 


Continued 
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Table 3-1. Continued 

Step 

Pulses Command 

19 Report Cartridge/ 
Drive Type 


N = 4 through 11 


Action 

The drive gives a positive (TRUE) 2-ms pulse 
response. The user responds with 'N” step 
pulses to query the inserted tape cartridge. 


For one group of commands (N = 4, 5, 6, 7, 8, 
10, 11), the drive gives a positive (TRUE) 
latched response if the cartridge/drive type is 
TRUE. The drive gives no response if the answer 
is FALSE. 


These commands are described as follows: 


N Command Description 
4 True DC2000 cartridge installed 
False DC1000 cartridge installed 
5 True High-density (>6400 bpi) tape installed 
False Low-density (6400 bpi) tape installed 
6 True 145/245/285 drive 
False 110/125/225 drive 
/ True DC2000 Long Length capability 
False No DC2000 Long Length capability 
8 True Write Enable gated with Drive Select 
False Write Enable not gated with Drive Select 
10 True Dual-speed drive installed 
False Dual-speed drive not installed 
11 True Dual-speed drive set to standard 
data transfer rate 
False Dual-speed drive set to optional 
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Continued 


Table 3-1. Continued 


step 

Pulses Command 

19 Report Cartridge/ 
Drive Type 
(Continued) 


N = 12 through 16 


Section 1 Mass Storage 


Action 


For a second set of commands (N = 12, 13, 
14, 15, 16), the drive will give a 
multiple-bit response. 


After receipt of the initial commands (19 step 
pulses), the drive will give a positive (TRUE) 
2-ms pulse response. The user responds with 
"N' step pulses to query the desired status. 
The drive will then give a positive (TRUE} 
latched response, indicating the start of the 
reporting sequence. The user will then send a 
Pause/Continue (three step pulses) command to 
increment the drive to the next bit in the 
sequence, which is bit <0> (LSB) of the status 
response. A positive (TRUE) latched response 
on the BUSY- line indicates a 1° bit, while a 
negative (FALSE) response indicates a 0° bit. 
The user continues to read the status bits 

and to increment to the next bit with the 
Pause/Continue command until all of the status 
bits have been reported. The number of bits 
in the response is dependent upon the command 
being used. 


After the last bit of the status has been 
received, a Pause/Continue command is sent to 
advance to the terminating state of the command. 
The drive will give a positive (TRUE) response 
to indicate the end of the reporting sequence. 
This confirms that the communication is still 
active after a string of zeros has been sent. 
The final latched response can then be cleared 
with a Stop (three step pulse) command. 

Commands N=12 through 16 are described on the 


following page. 


Continued 


o=d 
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Table 3-1. Continued 


Step 

Pulses Command 

19 Report Cartridge/ 
Drive Type 
(Continued) 
N=12 


COMPAQ Peripherals Technical Reference Guide 


Action 


Provides the drive type and the tape format in 
two 5-bit responses as follows: 


Drive Type 


B4 B3 B2 Bl BO Drive Type 


Tape Format 


0 


0 
0 
0 
] 
l 
l 


l 


0 
0 
l 
l 
0 
0 
l 


l 


0 
l 
0 
l 
0 
l 
0 


l 


110/210 


165/265 
Reserved 


Reserved 


B4 B3 Be Bl BO Tape Format 


No cartridge installed 


OooToTdnnNnoo OO © © 


p— > © o 


mm Frm Oooo OO OO © 


p——> « o 


OOO Rr rR ke OO CO © 


p—— ¢ 


© © Fr OO eS © © 


p——? ec 


0 
l 
0 
l 
0 
l 
0 
l 
0 
l 
0 


l 


110 (6,440 


L45XL 
265XL (6,400 
Reserved 


Reserved 


bpi, 
bpi, 
bpi, 
bpi, 
bpi, 
bpi, 
bpi, 
bpi, 
bpi, 


8 

14 
20 
20 
24 
32 
14 
20 
24 


Continued 
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Table 3-1. Continued 


a E 


Step 
Pulses Command Action 
19 Report Cartridge/ 
Drive Type 
(Continued) 
N=13 Provides the general status of the drive 
as follows: 
BIT 
76543210 


- 1 = Normal completion 
1 = Tape at EOT 
1 = Tape at BOT 
1 = Cartridge present 
1 = Track found 
1 = New cartridge inserted 
1 = DC2000 cartridge 


1 = Cartridge installed, 
DC2000 long length 


Continued 
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Table 3-1. Continued 


Step 

Pulses Command 

19 Report Cartridge/ 
Drive Type 
(Continued) 
N=14 
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Action 


Provides the error status in two 
8-bit responses: 


BLT 
76543210 


- 


= Normal status - no error 
already reported 


1 = Tape format not allowed for 
this drive 


1 = Undefined tape format 
encountered 


1 = Drive failed to reach 
operating speed 


1 = After reaching speed, tape 
speed below error limit 


1 = Head could not get below 
edge of tape before servo 
(lead screw) 


1 = Failed to regain edge of 
tape after moving below 
(lead screw) 


1 = No tape in drive when 
attempted load point 


Continued 


Table 3-1. Continued 


step 
Pulses 


19 


Command Action 

Report Cartridge/ 

Drive Type 

(Continued } 

N=14 BLT 
(Continued) 76543210 


- 
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Failed to find the load 
point hole in load point 


Illegal cartridge type 
found on load point 


Load point stall occurred 
Tape run-off in load point 


BOT double hole encountered 
while searching for 
ID bursts 


Il}legal attempt to servo 
write a 300-foot tape 


Failed conventional edge of 
tape test (cam mechanism) 


Failed head travel test 
(cam mechanism) 


Continued 
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Table 3-1. Continued 


Step 
Pulses Command Action 
19 Report Cartridge/ 
Drive Type 
(Continued) 
N=15 Provides various drive operation information: 
BIT 
76543210 
Lit transfer rate 
000 = 250 Kb/s 
001 = 500 Kb/s 
010 = Reserved 
O11 = 1.0 Mb/s 


Mapper state 
QO = mapper OFF 
1 = mapper ON 


Head positioner lock 
O. = tock OFF 

1 = lock ON 

Format mode 

QO = normal mode 

l format mode 


Track following limit 
O = limiter ON 
1 = limiter OFF 


Reserved 


Continued 
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Table 3-1. Continued 


Step 
Pulses 


19 


Command 


Report Cartridge/ 
Drive Type 
(Continued) 


N=16 


Action 


Provides firmware revision level: 


This command gives a 10-bit response for the 
firmware revision level. 
defined by a two-digit code, which can contain 
letters, numbers or both. 
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The revision level is 


The most-significant 


digits are represented by bits <9..5>. 


The least-significant digits are represented by 
bits <4. .0>. 


Bits 


<9. .5>/ 
<4. .Q> 


00000 
00001 
00010 
00011 
00100 
00101 
00110 
00111 
01000 
01001 
01010 
01011 
01100 
O1101 
01110 
OTT 


Digit 


NAMI Md WY WOON MON LWNMrF © 


Bits 


205 20>) 
<4. .0> 


10000 
10001 
10010 
10011 
10100 
10101 
10110 
10111 
11000 
11001 
11010 
11011 
11100 
11101 
11110 
a del 


OO 
(QO 
ct 


<FEmei cHMDO VA SrTrFeAnAaTrM®M 


Continued 


oe15 
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Table 3-1. Continued 


Step 
Pulses Command Action 
20 Seek Track 0 Initiates tape motion at 50 ips and positions 


the head over Track 0. While the positioning 
operation is taking place, INDEX pulses are 
inhibited. Once the destination track is reached, 
INDEX pulses are reenabled and tape motion 
continues at 50 ips to allow reading or writing. 
fal Seek Track 1 Initiates tape motion at 50 ips and positions 
the head over Track 1. While the positioning 
Operation is taking place, INDEX pulses are 
inhibited. Once the destination track is reached, 
INDEX pulses are reenabled and tape motion 
continues at 50 ips to allow reading or writing. 
22 seek Track 2 Initiates tape motion at 50 ips and positions 
the head over Track 2. While the positioning 
operation is taking place, INDEX pulses are 
inhibited. Once the destination track is reached, 
INDEX pulses are reenabled and tape motion 


continues at 50 ips to allow reading or writing. 
23 Seek Track 3 Initiates tape motion at 50 ips and positions 
the head over Track 3. While the positioning 
operation is taking place, INDEX pulses are 
inhibited. Once the destination track is reached, 
INDEX pulses are reenabled and tape motion 
continues at 50 ips to allow reading or writing. 
24 Seek Track 4 Initiates tape motion at 50 ips and positions 
the head over Track 4. While the positioning 
operation is taking place, INDEX pulses are 
inhibited. Once the destination track is reached, 
INDEX pulses are reenabled and tape motion 


continues at 50 ips to allow reading or writing. 
Continued 
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Table 3-1. Continued 


step 
Pulses Command Action 
25 Seek Track 5 Initiates tape motion at 50 ips and positions 


the head over Track 5. While the positioning 
operation is taking place, INDEX pulses are 
inhibited. Once the destination track is reached, 
INDEX pulses are reenabled and tape motion 
continues at 50 ips to allow reading or writing. 
26 Seek Track 6 Initiates tape motion at 50 ips and positions 
the head over Track 6. While the positioning 
operation is taking place, INDEX pulses are 
inhibited. Once the destination track is reached, 
INDEX pulses are reenabled and tape motion 
continues at 50 ips to allow reading or writing. 


2] Seek Track 7 Initiates tape motion at 50 ips and positions 
the head over Track 7. While the positioning 
operation is taking place, INDEX pulses are 
inhibited. Once the destination track is reached, 
INDEX pulses are reenabled and tape motion 
continues at 50 ips to allow reading or writing. 

28 Seek Track “N° Where N = Track Number + 4 and where Track 
Number = 0 to 19. The drive shall give a 
positive (TRUE) 2-ms pulsed response. The user 
shall respond with 'N. step pulses indicating 
the desired tape track the device wil] seek. 
Tape motion will begin, BUSY will go true, and 
INDEX pulses will be sent when the tape head is 
track following on the desired track. 


Continued 
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Table 3-1. Continued 


Step 
Pulses Command Action 
29 Erase Tape Moves the tape to the LOAD POINT with the head 


at the edge of the tape and then erases the 
entire tape. If a cartridge is not present 
or is write-protected, this command wil] be 
ignored. BUSY- is active during execution 

of this command and a continuous 250-kHz 
clock is transmitted over the Read Data Line. 
Immediately prior to issuing this command, an 
ENTER FORMAT MODE command must be issued. If 
not preceded by the ENTER FORMAT MODE command, 


the erase tape command will be ignored. 
30 Diagnostic Type 'N- The drive will give a positive (TRUE) 2-ms 
pulsed response. The user will respond to Type 
N" with "N° step pulses indicating the type of 
action to be taken by the drive. The drive will 
then give a positive (TRUE) response indicating 
receipt of the command. Command N = 4 turns the 
margin verify circuit OFF. The circuit is also 
turned off when the cartridge is removed from 
the drive. 


Command N = 11 requires a third user response 
"R" (transfer rate) for completion. This 
command causes the drive to report the search 
range of the edge of tape algorithm that is in 
use. This allows test equipment to compute the 
distance the cam is set below the edge of tape. 


The drive will go active and send a number of 
INDEX pulses equal to the number of temporary 
bursts taken to locate the edge of tape. Once 

the INDEX pulses have been sent, the drive returns 
to an inactive state. This is the default mode 
which does not allow reading and writing. 


Continued 
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Table 3-1. Continued 
Step 
Pulses Command Action 


N Command Description 
Invalid command 
Terminate command sequence 
Invalid command 
Margin verify off 
Margin verify on 
Lock head positioner 
Step head up 
Step head down 
Unlock head positioner 
Indicate edge of tape algorithm 
Set drive transfer rate: 
= invalid 
terminate command 
invalid 
250 Kb/s 
500 Kb/s 
Reserved Kb/s 
1.0 Mb/s 
le Reserved 
13 Enable track following limit 
14 Disable track following limit 


31 Servo Write Moves the tape to the LOAD POINT with the 
cartridge head over Track 0, then writes the 
servo information used for head positioning on 
all 20 tracks. If a cartridge is not present 
or is write-protected, this command will be 
ignored. BUSY- is active during execution of 
this command. Immediately prior to issuing this 
command, an ENTER FORMAT MODE command must be 
issued. If not preceded by the ENTER FORMAT 
MODE command, the SERVO WRITE command will be 
ignored. The drive will only execute this 
command when a DC2000 cartridge is installed 
(cartridge presence status is true). 

32 Recalibrate This command does nothing but issue a 14-ms 
pulse on the BUSY- line to mimic the operation 
of a diskette drive. No tape drive action 
is taken. 


MH > CO CON MO HWM Fr 
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40-Megabyte 
Tape Drive Formatting 


The TAPE Utility formats a tape by commanding the tape drive to perform a Servo 
Write process. The Servo Write process divides the tape into sections called 
servo blocks. 


The TAPE Utility then writes formatting data into the servo blocks. Each of 
the 20 tape tracks is formatted by the Diskette Controller Chip (DCC) to yield 
eighteen 1024-byte sectors per block. The data are written in double-density 
or Modified Frequency Modulation (MFM) with the same layout as a standard 
diskette track. 
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Table 3-2 gives the data format for the tape. 


Table 3-2. Tape Data Format 


Nominal Number 
Value (Hex) of Bytes 
(Index pulse) 
Pre-index Gap AEh 80 
Pre-index Address 
Mark Sync OOh 12 
Index Address Mark FCh (note 1) 4 
Gap 1 4Eh 50 


Pre-ID AM Sync OOh (note 2) 
ID Address Mark FEh (note 3) 
Sector ID xxh (note 4) 
Sector ID CRC xxh 


Gap 2 4Eh 22 


Pre-Data AM Sync QOOh 
Data Address Mark FBh (note 3) 
Data xxh 
Data CRC xxh 
Gap 3 4Eh 


Gap 4 4Eh (until second 
Index pulse) 
NOTES: 1. First three bytes are C2h with missing 
clock transition between bits <3> and <4>. 
2. The boxed field is written once for each 
sector in the block with appropriate 
sector ID values for each sector written. 
3. First three bytes are Alh with missing 
clock transition between bits <4> and <5>. 
4. xx = Data dependent 


The Gap 3 value (54 bytes) shows the gap size when the tape is formatted. The 
Gap 3 size specified in the read/write commands is smaller (23 bytes). The size 
of Gap 4 depends on the tape speed. The DCC keeps writing until the second index 
pulse occurs. 
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The boxed field is written once for each sector in the block, with appropriate 
sector ID values for each sector written. The sector ID consists of four 1-byte 
fields that are used to identify each sector (using diskette mnemonics). 


Cylinder = 0..123 Tape block number 

Head = 0 Not used 

Sector =1..18 Sector number (within tape block) 
Size =.3 Sector size (3 denotes 1024 bytes) 


40-Megabyte 
Tape Drive File Storage 


The TAPE Utility places two types of descriptive information -- called the tape 
header (HDR) and the File Allocation Table (FAT) -- at the beginning of the tape 
(Track 0, Block 0). The HDR is written to the tape first, followed by the FAT. 


When a set of files is written to the tape, the HDR and the FAT are modified to 
reflect the new tape status. A redundant copy of the HDR and FAT is stored in 
Track 0, Block 1. If the first block becomes unreadable, the information in the 
second block is used to retrieve the data on the tape. All remaining blocks 
contain directory and file information. 
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The TAPE Utility generates an ECC that is stored in the last two sectors of each 
block, which is shown in Figure 3-2. 


Sector 


Block 1 Ke | 
rar] a 


ECC SECC 


Figure 3-2. 40-Megabyte Tape Drive Track 0 Data Format 2-23 


Cia. 
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The following paragraphs describe the organization of data on a tape used with the 
40-Megabyte Tape Drive. 


40-Megabyte 
Tape Drive Header 


The HDR occupies the first 1024-byte sector on the tape which is shown in 
Figure 3-3. The tape header is divided into three parts: the Tape Identification 
(TID) area, the Save Set structures, and a reserved area. 


1024 Bytes 
= 
768 Bytes 192 Bytes 


Save Set Description 


Figure 3-3. 40-Megabyte Tape Drive Header 3-24 


Ce ae rc ne eg a 


COMPAQ Peripherals Technical Reference Guide 


Section 1 Mass Storage 3729 


40-Megabyte Tape 
Identification Area 


Table 3-3 lists the contents of the tape identification area. Table 3-4 further 
explains the contents of the tape identification area. 


Table 3-3. 40-Megabyte Tape Identification Area 


Function Bytes 
Reserved (must be zero) 2 
Volume name 32 
Create (format) time 2 
Create (format) date 2 
Tracks per tape 2 
Blocks per track 2 
sectors per block 2 
Bytes per sector 2 
Tape number 2 
More flag (for multiple tape drive) 2 
Backup time 2 
Backup date 2 
Program version (in BCD) 2 
Format type Va 
Reserved 6 
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Table 3-4. 40-Megabyte Tape Identification Area Parameters 


Parameter 
Volume name 


Date/time 
the tape 
was initialized 


Number of tracks per tape 


Number of intra-servo 


Description 
Up to 31 characters in length, padded 


with zeros to 32 bytes, resulting ina 


"standard null-terminated string. 

Set only when the tape is formatted 

(by TAPE FORMAT or TAPE DRIVE), and is 
not updated by a normal DRIVE operation 
(see Figure 3-4). 

20 for 40-MB Tape Drive, 

numbered 0. .19 

124 for 40-MB Tape Drive, 


numbered 0..123n blocks per tape track 


Number of sectors per block 


18 for 40-MB Tape Drive, 
numbered 1..18 


Number of bytes per sector 1024 


Tape number 


More flag 


Date/time 


TAPE Utility version (in BCD) 


Format descriptor 


re are al 
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The number of this tape in a multi-tape 
drive set. For a single-entry backup, 
this entry is 1." 
This word is set to 1° to indicate that 
there are additional tapes in the backup 
set, or 0° to indicate that this is the 
last tape in the set. For a single tape 
drive, this entry is 0." 
The date/time is written by BACKUP when 
the tape was backed up and updated 
(see Figure 3-4). 
TAPE Utility version used to write 
the tape. 
The low byte of this word appears at 
offset +56 in the first sector of the tape. 
The format descriptor is used by the 
software to determine the tape format by 
recognizing the following codes: 
0 - Tape is unused 
1 - Reserved 
2 - Reserved 
3 - Tape used by TAPE Utility 

prior to Version 1.10 
4 - Tape used by TAPE Utility 

Version 1.10 and later 
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Figure 3-4 shows the format of the time and date parameters of the tape 
identification area for the 40-Megabyte Tape Drive. 


BIR ES 


ike 


Hour (0-23) ]) Minute (@—59) | Seconds/2 (0-29) 


Year—1980 (@-119)] Month (1-12) Day (1-31) 


Figure 3-4. Time and Date Format of the Tape ID Area for the 40-Megabyte Tape Drive 


aa 


COMPAQ Peripherals Technical Reference Guide 


e 3-28 section 1 Mass Storage 


40-Megabyte Tape Drive 
Save Set Descriptions 


The TAPE Utility supports multiple drives per tape. Each time a set of files is 
backed up on the tape, a Save Set description containing 24 bytes is written to 
the tape header. As many as 32 Save Set descriptions can be stored in the 
768-byte Save Set description area of the tape header. Table 3-5 lists the 
24-byte Save Set parameters. 


Table 3-5. Save Set Parameters 


Parameter Bytes 
Backup time Ma 
Backup date 2 
Version 2 
Save Set label 12 
Start block 2 
source drive l 
Reserved byte l 
Reserved word 2 


Table 3-6 further explains the contents of the Save Set Parameter description. 


Table 3-6. Save Set Parameters Description 


Parameter Description 
Backup time Date/time the Save Set was backed up; this entry in the 


last non-blank Save Set matches the backup time and date 
located in the TID area 


TAPE Utility The version of the TAPE Utility that wrote the tape 
version (in BCD) 

Starting block Tape block number where the Save Set begins 

of Save Set 

Backup source Fixed disk drive or diskette drive from which the Save Set 
drive was backed up 

Save Set label Save Set label, up to 11 characters in length, padded 


with zeros to 12 bytes, resulting in a standard 
null-terminated string 
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40-Megabyte Tape Drive File 
Allocation Table 


The File Allocation Table (FAT) controls the assignment of sectors on the tape. 
For every sector on the tape, except for sectors containing ECC information, two 
bits are maintained in the FAT that describe the current state of that sector, as 
given in the following tabulation. 


FAT 

Entry Sector Status 

QO 0 Not allocated 

0 1 Start of a file (header) 
1 0 Allocated 

1 1 Bad sector 


Each FAT byte contains four 2-bit fields, with the least-significant bits 
describing the first sector. The FAT has allocation entries for the entire 
tape, including the tape HDR and FAT sectors. The entries for these sectors 
are allocated.” 


Not all 15 available sectors are used for the FAT (not all are necessary). The 
size (in bytes) of the FAT for a tape can be determined by the following equation: 


FAT size = (tracks x blocks per track x sectors per block)/4 


For a 40-Megabyte Tape Drive, the FAT size is: 


(20 tracks x 124 blocks per track x 16 sectors per block)/4 = 39680/4 
or 9920 bytes/FAT 
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Example: A 40-Megabyte Tape Drive with no bad blocks contains two files, 
one of which occupies one sector, and one of which occupies three 
sectors. The first 10 bytes of the FAT would appear as follows: 


FAT entries for first block on tape: 10101010} 10101010) 10101010/10101010 
AA AA AA AA 
FAT entries for second block on tape: 10101010) 10101010; 10101010) 10101010 
AA AA AA AA 
FAT entries for files: 10100101 | 00000000 
A5 00 


40-Megabyte Tape Drive 
Directory Information 


All blocks after '0 and “1° on Track 0 contain directory and file information. 
If the backup spanned multiple directories, the first sector of the Save Set 
would contain directory information. This information tells the TAPE utility 
which directories to create on the destination disk during the Tape Restore 
process. These sectors are marked as allocated in the FAT. 


Table 3-7 lists the format of the directory information. 


Table 3-7. Directory Information Format 


Function Bytes 
Directory name 1 18 
Last entry flag 2 
Reserved 2 
Directory name N 18 
Last entry flag 2 
Reserved 2 
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Table 3-8 lists the directory information parameters. 


Table 3-8. Directory Information Parameters 

Parameter Description 

Directory name Directory path name, padded with zeros to /8 bytes, 
resulting in a standard null-terminated string 


Last entry flag Indicates status of directory name list 
1 = last entry in directory list 
QO = more entries in directory list 


Reserved - - 


Only the pathnames of the lowest-level subdirectories are saved. All intermediate 
subdirectories can be recreated from these. 


Example: The following directory names are generated for the directory shown 
it FIOUrE 3-5: 


\DOS 

\TOOLS\EDITOR Root 
\MISC\REPORTS\TEMP 

\MISC\MEMOS 


\MISC\EXPENSE 
Tem 


Figure 3-5. Sample Directory 
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40-Megabyte Tape Drive 
File Information 


Following the directory information are the sectors containing the 
file information. 


The first sector of each file contains a header, which contains various 
information about the file. 


Table 3-9 describes the file information. 


Table 3-9. File Information 


Function Bytes 
Header signature (55h, AAh) 2 
Filename 108 


File attribute 
Original file time 
Original file date 
File size (in bytes) 
Backup time 

Backup date 

Aux file attribute 1 
Aux file attribute 2 
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The tape file information parameters are given in Table 3-10. 


Table 3-10. Tape File Information Parameters 


Parameter Description 
Header signature The 2-byte header signature is 55h, AAh. This signature 


is used to identify the header or separate it from the rest 


of the tape information. 


Filename The filename may be up to 10/7 characters in length, padded 
with zeros to 108 bytes, resulting in a standard 
null-terminated string. No structure is imposed on the 
filename other than maximum length, but both the TAPE 
utility Version 2.1 and 2.2 expect a DOS-style path name 
(without a drive letter). 

File attribute This word value is used by the TAPE utility to retain the 
Original attributes of the file as specified by the 
operating system. For MS-DOS and MS O0S/2, only the 
low-order byte is used. 


Original Original date/time of the file. The format of the date and 
date/time time values is shown in Figure 3-4. 

File size 32-bit file size (in bytes) 

Backup time The date and time the file was backed up. This value is the 
and date Same as the corresponding value in the headers of all the 


other files that were part of the same backup 
(see Figure 3-4). 


Aux file Not used in TAPE utility prior to Version 1.10. In Version 
attribute 1 1.10 and later: Bit <0>, if set (=1), means that this file 


is continued on the next tape. In this case, the file size 
indicates only the portion of the file that is on this tape. 


Bit <l>, if set (=1), means that this file is continued from 
the previous tape. In this case, the file size indicates 
only the portion of the file that is on this tape. Bit <1l>, 
set (=1) with bit <0> reset (=0), indicates the last portion 
of the file. 

Aux file Reserved, must be zero 

attribute 2 
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40-Megabyte Tape 
Drive Connectors 


The 40-Megabyte Tape Drive uses the same cable, connectors, and pin arrangements 
as the diskette drives use, for the connections to the system board and the DC 
power supply. 


The signal functions are different, however, and special software drivers 


are used to control the 40-Megabyte Tape Drive. Table 3-11 describes the 
Signal functions. 


Table 3-11. Drive Logic Board to Drive Controller Signal Descriptions 


Signal Function 

DRIVE 4 (TAPE) Drive 4 Select- is used to select 

SELECT 40-MB Tape Drive 

INDEX- Indicates to the system board that one block has passed 

READ DATA- The data stream of data and clock pulses from the ww 
40-MB Tape Drive 

STEP- Pulses give commands to the tape drive 

BUSY - Indicates to the system board that the tape drive 
is still executing a command 

WRITE DATA- This stream of data is written to the tape when 
WRITE GATE- is enabled 

WRITE GATE- Enables the drive-logic disk-write circuits so data 
from the WRITE DATA- signal are written 

WRITE PROTECT- Indicates to the system board that the cartridge in the 


drive is write-protected 
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40-Megabyte Tape 
Drive Specifications 


Table 3-12. 40-Megabyte Tape Drive Physical and Electrical Specifications 
Physical Size: 


Width 5.7 in (14.5 cm) 
Height 1.7 in ( 4.3 cm) 
Depth 8.0 in (20.3 cm) 
Weight 1.7 1b (0.77 kg) 
Formatted capacity (with ECC) 40.63 MB 
Flux reversal density 11,600 FRPI 
Bit density 10,000 BPI 
Data transfer rate 500 Kb/s 
Head positioning time: 
Adjacent tracks 250 ms 
Move (worst case) 1 sec 
Tape speed: 
Read/Write 50 in/sec 
Rewind/Fast Forward 60 in/sec 
Tape end-to-end 
positioning time: DC1000 (see note) DC2000 
Read/Write 44 sec 49 sec 
Forward/Reverse 35 sec 35 sec 
Track density 8/7 TP] 
Number of tracks 20 
Blocks/track 124 
Sectors/block 16 Data + 2 ECC 
Bytes/sector 1024 


NOTE: DC1000 cartridges backed up on the 10-Megabyte Tape Drive 
Supported on other COMPAQ products can be read and erased, 


but not written to, by the 40-Megabyte Tape Drive systems. 
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3.3 150-/250-MEGABYTE 
TAPE DRIVE 
FUNCTIONAL 
DESCRIPTION 


This section provides a detailed discussion of the 150-/250-Megabyte Tape Drive 
and the COMPAQ Tape Adapter board. 

The 150-/250-Megabyte Tape Drive includes the following features: 

= No preformatting required 

= Direct read after write 

= Data verification | 


= Erase bar 


= Reads QIC-24 and QIC-120 formatted cartridges 
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Figure 3-6 shows a functional block diagram of the 150-/250-Megabyte Tape Drive. 
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Figure 3-6. 150-/250-Megabyte Tape Drive Functional Block Diagram 
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150-/250-Megabyte 
Tape Drive Commands 


Table 3-13 lists and briefly describes the 150-/250-Megabyte Tape Drive commands. 


Table 3-13. 150-/250-Megabyte Tape Drive Command Summary 


Command Code Action 

Select Drive Olh Selects the tape drive for online operation 

Rewind to BOT 2lh Positions the tape in the tape drive 

Erase Tape och Completely erases the tape in the tape drive 

Initialization 24h Conditions the tape as per specifications 

(Retention) of media manufacturer 

Select QIC-24 e7h Instructs the tape drive to read a 9-track 
QIC-24 format tape 

Select QIC-120 28h Instructs the tape drive to write in the 
15-track QIC-120 format 

Select QIC-150 29h Instructs the tape drive to write in the 
18-track QIC-150 format 

Flexformat 3Dh Instructs the tape drive to allow the drive 
to access the directory track 

Write Data 40h Causes data to be written on the tape 

Write Without Alh Instructs the tape drive to perform al] 

Underruns functions of a Write command; causes 
continuous tape movement 

Write Directory 4Eh Instructs the tape drive to allow the drive 

Track to write data from the directory track 

Write File Mark 60h Causes a File Mark to be written on the tape 

Write File 62h Instructs the tape drive to combine the 

Mark/Write Write File command with a Write command to 


achieve streaming tape operation when 

writing file marks; stops if underrun occurs 
Write File Mark/Write 63h Instructs the tape drive to combine the 
Without Underruns Write File Mark and a Write command to 

achieve streaming tape operation when 

writing file marks; does not stop if 

underrun occurs 

Continued 
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Table 3-13. Continued 


Command Code Action 

Read Data 80h Causes data to be read from the tape to the 
tape drive 

Space Forward 81h Instructs the tape drive to logically move 


the tape forward over the subsequent data 
block or file mark 


Read Continuous 82h Instructs tape drive to begin or continue 
a read operation, without stopping at 
File Marks 

Space Reverse 89h Instructs the device to logically move the 


tape in a reverse direction over the 
previous data block or file mark 


Read Block (n) 8Ah Allows the host to read any given block by 
addressing the block via its block number(n} 

Read Directory 8Eh Instructs the tape drive to allow the drive 

Track to read data from the directory track 

Read File Mark AOh Causes the tape in the tape drive to move to 
the EOM side of the next file mark 

search to End of A3h Instructs the device to search for the end 

Recorded Media of the recorded media 

Read File Marks Blh..BFh Identical in function to Read File Mark 


command except that the number of file marks 
read are equal to the binary value of nnnn. 
For example, 1011 0001 causes one file mark 
to be read and 1011 0010 causes two file 
marks to be read. In the case where nnnn is 
zero (0011 0000), the tape drive returns an 
illegal command status. 


Read Status COh Causes the tape drive to transfer to the 
host information about itself 

Run Self-test C2h Instructs the tape drive to perform 
self-test operations 

Run Self-test 2 CAh Instructs the tape drive to perform unique 
self-test operations 

Run Self-test 3 CBh Instructs the tape drive to perform 
self-test operations 

Inquiry CEh Causes tape drive to transfer information 


about directory track, tape density, tape 
speed, and current block and track 
Read Firmware Crh Instructs the tape drive to transfer to 
Identification the host adapter six bytes of 
identification data 
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Tape Operating System 


The 150-/250-Megabyte Tape Drive is supplied with the Sytos Plus File Backup 
Manager tape operating system for all tape drive functions. 


For detailed information on these tape operating systems, refer to the User Guide 
provided with the 150-/250-Megabyte Tape Drive. 


COMPAQ Tape Adapter 


The COMPAQ Tape Adapter provides the interface for the 150-/250-Megabyte Tape 
Drive to the computer. 


The COMPAQ Tape Adapter: 
=» Interfaces the 150-/250-Megabyte Tape Drive to the personal computer 
= Plugs directly into an 8-bit expansion slot 


= Provides an 8-position switch for setting options and configuration; switch 
information is documented in the configuration file shipped with the board 
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Figure 3-7 shows the COMPAQ Tape Adapter functional block diagram. 
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Figure 3-7. COMPAQ Tape Adapter Functional Block Diagram 
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Tape Adapter |/O 
Port Description 


The tape adapter interface is configured as two I/0 addresses, beginning at one of 
two possible selectable base addresses. Table 3-14 defines the port addresses and 
their functions. 


A more detailed description of the I/0 port addresses follows Table 3-14. 


Table 3-14. COMPAQ Tape Adapter I/0 Port Description 


Address (Hex) Read Write 
Primary/Secondary Function Function 
300h/200h Status register Control register 
301h/201h Data register Data register 


Data Register (Read/Write) (301h/201h) 


The Data register is the port through which all command, status, and data bytes 
are transferred between the personal computer and the tape host adapter. Command 
and status bytes are transferred by programmed I/0 (PIO). Data bytes are 
transferred using DMA operations. 
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eg 
Status Register (Read Only) (300h/200h 
This register contains the status from the tape adapter and the tape drive. 
BLT 
76543210 
L_ QO = RDY- asserted 
1 = RDY- not asserted 
QO = EXC- asserted 
1 = EXC- not asserted 
Q = DTH- asserted 
1 = DTH- not asserted 
O = ONL- asserted 
1 = ONL- not asserted 
QO = RST- asserted 
) 1 = RST- not asserted 
Cy 
QO = REQ- asserted 
1 = REQ- not asserted 
OO = DMA and Interrupts not enabled 
Ol = Interrupts and DMA enabled 
1Q = Interrupts and DMA enabled 
ll = Interrupts and DMA enabled 
Qa 
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Control Register (Write Only) (300h/200h 


BLT 

76543210 
Q = ONL not asserted 
1 = ONL asserted 
Q = RST not asserted 
1 = RST asserted 
QO = REQ not asserted 
1 = REQ asserted 
00 = DMA and Interrupts not enabled 
01 = Interrupts and DMA enabled 
10 = Interrupts and DMA enabled 
11 = Interrupts and DMA enabled 
Reserved 


COMPAQ Peripherals Technical Reference Guide 


section 1 Mass Storage 


Command Protocol 


Commands for the COMPAQ Tape Adapter consist of the following general types: 
= Status Transfer 
= Data Transfer 


= Drive Stand-Alone 


A command may be issued any time the tape drive is ready (RDY active), and 
not online (ONL is inactive), or when EXC- is asserted. Commands are issued 
by writing the command code to the Data register of the tape host adapter, 
asserting ONL for data transfer commands, asserting the Control register REQ 
bit, and waiting until the tape drive transitions from not-ready-to-ready. 
When this transition has occurred, deassert REQ and wait for another 
not-ready-to-ready transition. 


On Drive Stand-Alone commands, this second transition indicates the completion 
of the command. 


For a Status Transfer command, this second transition and subsequent 
not-ready-to-ready transitions indicate that one of the bytes of status 
information is ready for reading by the host in the Data register. After each 
Status byte is read from the Data register, REQ is asserted, not-ready is 
verified, and REQ is deasserted to complete the handshake protocol. When all 
status bytes have been transferred, the next not-ready-to-ready transition signals 
the completion of the command. 


During Data Transfer commands, the second and all subsequent not-ready-to-ready 
transitions signal the first byte of each new block of data. On the first block 
of data, the tape host adapter DMA should not be enabled until after the Data 
Transfer command has been issued and accepted. The tape drive DIRTOHOST- signal 
must also be in the correct state and the personal computer DMA controller must be 
programmed for the transfer. 
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The personal computer DMA channel should then be unmasked, allowing the DMA 
transfer to take place. When the transfer is complete, which may be polled 
or signaled by an interrupt, the process starts over again at the next 
not-ready-to-ready transition. To begin the next transfer for each following 
block of data, take the following actions: 


= Program the personal computer DMA controller 


= Unmask the personal computer DMA channel 


A Data Transfer command is terminated by reaching the end of tape, reading a file 
mask, or by deasserting the ONL bit in the Control register. 


When EXC- is asserted by the tape drive, the status of the tape drive must be 
transferred to the host before any other operation can begin. Typical times for 
EXC- to be asserted are: 


= At power-on 
ms After a software reset 
= When the drive does not recognize an issued command code as a valid command 


= When a command other than Read Status is issued when EXC- is active 
This condition will be signaled by an interrupt, if interrupts are enabled, and 
will be available in the Status register for polling. In response to seeing the 


EXC- bit asserted, the host must issue a Read Status command; any other command 
will be rejected. 
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150-/250-Megabyte 
Tape Drive Connector 


The 150-/250-Megabyte Tape Drive interfaces with COMPAQ Tape Adapter via a 
50-pin interface signal connector. Table 3-15 shows the signal functions of 


this connector. 


Table 3-15. 
Pin 1/0 
12 1/0 
14 1/0 
16 1/0 
18 1/0 
20 1/0 
22 1/0 
24 1/0 
26 1/0 
28 0 

30 0 

32 Q 


drive reset; reenables tape drive when deasserted. 
XFER- Transfer. Handshake signal for data byte transfers 


34 0 


Tape Drive Connector Signal Descriptions 


Signal Function 

DDATA?7- Negative true bidirectional data bus between the tape 
DDATA6- host adapter and the tape drive. Bit </> is the 
DDATAS- most-significant bit. 

DDATA4- 

DDATA3- 

DDATA2- 

DDATA1- 

DDATAO- 

ONL- Online. Asserted before beginning a Read or Write 


command; deasserted to terminate command. 


REQ- Request. Handshake signal for command or status byte 
transfers between the tape host adapter and system. 
It is asserted to indicate that the command byte has 
been placed on the data bus (DDATA) or that a status 
byte has been taken from the bus. 


Ro Reset. When asserted, RST- resets and holds the tape 


between the tape host adapter and the tape drive. 

It is asserted to indicate that a byte has been 

placed on the data bus (DDATA) during a Write command, 
or that a byte has been taken from the data bus during 
a Read command. 


Continued 
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Table 3-15. Continued 

Pin 1/0 Signal Signal Description 

36 ] ACK- Acknowledge. Handshake signal for data byte transfers 
between tape host adapter and the tape drive. It is 
asserted to indicate that a byte has been taken from 
the data bus (DDATA) during a Write command, or that 
a byte has been placed on the data bus during a 
Read command. 

38 I RDY - Drive Ready. This signal has three functions. First, 
it is an indication that a non-Data Transfer command 
has been completed. Second, it is a handshake signal 
for command or status byte transfers between the tape 
host adapter and the tape drive. And third, it is an 
indication that the next block of data is ready for 
transfer during a Data Transfer command. 

40 I EXC- Exception Condition. Indication from tape drive that 
a condition exists which requires the tape host 
adapter to perform a Get Status command before any 
other operation is begun. 

42 I DIRTOHOST- Direction To Host. Indicates direction in which the 
tape drive is prepared to transfer data. When 
asserted, the transfer direction is to the tape host 
adapter. When deasserted, the direction is to the 


tape drive. 


2,4 Reserved Reserved; these pins are not driven or received. 


All Odd Signal Ground 
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Table 3-16 lists the switch settings for the COMPAQ Tape Adapter. 


Table 3-16. Switch Settings for the COMPAQ Tape Adapter 
Reference 
Designator Function Description and Default 
SW1-1 Tape host interrupt SW1-1 = ON SW1-2 = OFF* 
SW1-2 select switches Interrupt 5 (IRQ5) 
selected 
SWl-1 = OFF SW1-2 = ON 
Interrupt 3 (IRQ3) 
selected 
SW1-3 Tape host adapter SW1-3 and SW1-5 = ON* 
SW1-4 DMA channel select switches SW1-4 and SW1-6 = OFF* 
SW1-5 DMA Channel 3 selected 
SW1-6 
SW1-3 and SW1-5 = OFF 
SW1-4 and SW1-6 = ON 
DMA Channel 1 selected 
SW1-7 Tape host adapter base address SW1-7 = ON* 
SW1-8 select switches SW1-8 = OFF* 


Primary base address 
(300h) selected 


SW1-7 = OFF 

SW1-8 = ON 
Secondary address 
(200h) selected 


* 


Default setting 
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150-/250-Megabyte Tape 
Drive Specifications 


Table 3-17 lists the 150-/250-Megabyte Tape Drive specifications. 
Table 3-17. 150-/250-Megabyte Tape Drive Physical 


and Electrical Specifications 
Physical Size: 


Width 5.8 in (14.7 cm) 
Height 1.7 in ( 4.3 cm) 
Depth 8.3 in (21.1 cm) 
Weight 2.4 lb ( 1.1 kg} 

Formatted capacity (ECC OFF) 150/250 MB 

Flux reversal density 12,500 FRPI 

Bit density 10,000 BPI 

Data transfer rate 720 Kb/s 

Tape speed: 
Read/Write 72 in/sec 
Rewind/Fast Forward 90 in/sec 

Tape end-to-end positioning time: DC6150 
Read/Write 100 sec 
Forward/Reverse 80 sec 

Track density 76 =TPI 

Number of tracks 18 

Blocks/track 16,900 

Bytes/block 512 
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320-/525-MEGABYTE 
TAPE DRIVE 
FUNCTIONAL 
DESCRIPTION 


This section provides a detailed discussion of the 320-/525-Megabyte Tape Drive 
and the COMPAQ SCSI Option Adapter board. 


The 320-/525-Megabyte Tape Drive includes the following features: 


No preformatting required 

Direct read after write 

Data verification 

Erase bar 

Read QIC-150 formatted cartridges 
Asynchronous data transfer up to 3 MB/s 


Synchronous data transfer up to 5 MB/s 
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Figure 3-8 shows a functional block diagram of the 320-/525-Megabyte Tape Drive. 
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Figure 3-8. 320-/525-Megabyte Tape Drive Functional Block Diagram 
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320-/525-Megabyte 
Tape Drive Commands 


The 320-/525-Megabyte Tape Drive is supplied with the Sytos Plus File Backup 
Manager tape operating system for use under MS-DOS or MS O0S/2. Table 3-18 lists 
and briefly describes the 320-/525-Megabyte Tape Drive commands. For detailed 
information about each of these commands refer to the Small Computer System 
Interface (SCSI) ANSI Standard X3.131-1986. 


Table 3-18. 320-/525-Megabyte Tape Drive Command Summary 
Command Code Command Code 


Test Drive Ready 00h Reserve Unit 16h 
Rewind Olh Release Unit L7h 
Request Sense 03h Copy 18h 
Read Block Limits 05h Erase 19h 
Set R/W Parameters O6h Mode Sense LAh 
Read O8h Load/Unload 1Bh 
— Write OAh Send Diagnostic LDh 
Write File Marks 10h Previous/Al low LEh 
Media Removal 
Space Lih Read Log LFh 
Inquiry L2h Locate 2Bh 
Verify 13h Read Position 34h 
Recover Buffer Data 14h Write Buffer 3Bh 


Mode Select 15h Read Buffer 3Ch 


i ee hmmm a A a ea EE BR eae Tae ee) 
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COMPAQ SCSI Option 
Adapter Board 


The COMPAQ SCSI Option Adapter board is a 16-bit expansion board containing the 
host adapter electronics, adapter firmware, connectors for attachment to internal 
and external SCSI devices, and connectors for installation of future optional 
adapter modules. 
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Figure 3-9 shows the COMPAQ SCSI Option Adapter functional block diagram. 
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Figure 3-9. COMPAQ SCSI Option Adapter Functional Block Diagram 
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SCSI Option Adapter 
Command Protocol 


The SCSI Option Adapter is available for commands to be issued to it any time the 
BSY bit in the SCSI Option Adapter Status register is deasserted. When this 
condition exists, the host may transfer a command in the format of a SCSI Command 
Descriptor Block (CDB), followed by the parameter byte(s) to the Command Port. 
All commands require at least one parameter byte, which specifies the device a 
command is for. The SCSI Option Adapter can also be viewed as a device. 
Commands, such as Identify Attached Devices or Configure Adapter, may be issued 
for execution by the SCSI Option Adapter. When the command has been loaded into 
the SCSI Option Adapter itself, and is not passed through to attached SCSI 
peripherals, the host will write a byte to the Control register that will select 
the appropriate transfer method (DMA or PIO) communication mode (interrupt or 
polled), and assert the GO bit. 


When GO is asserted, the SCSI Option Adapter immediately asserts the BSY bit in 
the SCSI Option Adapter Status register and reviews the CDB it has received, to 
check it for validity. If the CDB or parameter bytes are invalid, the SCSI Option 
Adapter asserts the REJ and ERR bits and deasserts the BSY bit to reject the 
command. If the command is valid, the SCSI Option Adapter performs the requested 
operation itself, or issues the CDB to the requested SCSI device, following the 
SCSI protocol through arbitration, selection, and the various information transfer 
phases required to complete the command. 


During SCSI data phase transfers, the SCSI Option Adapter processes the 
transaction to the point of data transfer, establishes the state of the transfer 
direction bit, DTH, asserts the RTX bit, and processes the transfer using the 
transfer mode selected by the host. The data transfer operation continues for as 
many bytes as were requested in the incoming CDB. 


Once any data transfer activity is completed, the SCSI Option Adapter finishes the 
command by processing the status and message phases from the device, updating the 
Check Condition register as required, deasserting BSY, and generating the Command 
Complete interrupt. If any error occurred, the ERR bit will be set and the Check 
Condition register will contain additional information about the error. 
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Upon receipt of the Command Complete interrupt from the SCSI Option Adapter, the 

host should check for errors and in some cases, such as a SCSI parity error, must 
retry the operation, since the errors may not be known to the SCSI Option Adapter 
until after the data transfer operation has been completed. 


The host SCSI Option Adapter handles any messages that may be sent by the device 
during command execution (disconnect, reconnect, synchronous data transfer, SCSI 
bus parity errors, etc.). If a message needs to be passed to the host, the SCSI 
Option Adapter makes it available in the Check Condition register. 


Adapter Commands 


Adapter commands are processed by the SCSI Option Adapter without selecting or 
communicating with any attached device. These commands allow interrogation and 
configuration of the SCSI Option Adapter and follow the general protocol. All 
Adapter commands consist of 6-byte CDBs and a single parameter byte. Some Adapter 
commands also return information bytes via the Identification Port as a part of 
the command execution. These bytes are available after the command completion 
interrupt has been issued and after the SCSI Option Adapter is no longer busy. 

The first byte read from the Identification Port will be the count of additional 
bytes, which are available. All specified bytes must be read from the port before 
a new command is loaded into the Command Port. 
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Configure Adapter Command 


This command specifies the operating parameters which should be used by the 
adapter. The CDB for this command is as follows: 


CDB byte 0 Olh Configure Adapter opcode 
CDB byte 1 Oxh Host IRQ number, either 3 or 5 
CDB byte 2 Oxh Host DMA channel, either 5 or 7 
CDB byte 3 Oxh Check Condition register usage 
0 = SCSI status byte (pass through} 


1 = adapter generated, device- 
specific information 
CDB byte 4 00h Reserved 
CDB byte 5 00h Reserved 
Parm byte 1 O7h SCSI ID of the adapter 


Configure Device Command 


This command specifies the PIO block size for a specific device attached to the 
adapter. This command is device-specific to allow for attachment of peripherals 
which do not have the same physical block size. The CDB for this command is 

as follows: 


CDB byte 0 O2h Configure device opcode 
CDB byte 1 Oxh Device SCSI ID from 0 to 6 
CDB byte 2 Oxh PIO block size, in 128-word (256-byte) 


increments, from 1 to Ofh. The PIO 
block size must be equal to the 
physical block size returned in the 
Identify Attached Devices Command. 


CDB bytes 00h Reserved 
3, 4, 5 nee Sr tae ae eee ee 
Parm byte 1 07h SCSI ID of the adapter 
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Execute Adapter Diagnostics 


This command initiates execution of the adapter diagnostic routines. In the event 
of a failure of this operation, the ERR bit in the Adapter Status register will be 
set and the Check Condition register will contain an error code. The CDB for this 
command is as follows: 


CDB byte 0 03h Adapter Diagnostic opcode 
CDB bytes 1..5 OOh Reserved 


Parm byte 1 07h SCSI 1D number of the adapter 


Identify Adapter Configuration Command 


This command requests the adapter to return its current configuration information. 
The CDB for this command is as follows: 


CDB byte 0 04h Identify Adapter Configuration opcode 
CDB bytes 1..5 O0Oh Reserved 


Parm byte 1 07h SCSI ID of the adapter 


In response to this command, the adapter will load the Identification Port 
FIFO with the following bytes, which may be read by the host when the command 
is complete. 


ID byte 0 OFh Identification message length 

ID byte 1 Oxh Current host IRQ number 

ID byte 2 Oxh Current host DMA channel 

ID byte 3 Oxh Current Check Condition register usage 


0 = SCSI status byte (pass through) 
1 = adapter generated, device- 


specific information 
ID bytes 4..F  O0Oh Reserved 
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Identify Attached Devices Command 


This command requests the adapter to return the identity of devices attached to it 
at the time of the last SCSI bus reset. The CDB for this command is as follows: 


CDB byte 0 05h Identify Attached Devices opcode 
CDB bytes 1..5 OOh Reserved 


Parm byte 1 07h SCSI ID of the adapter 


In response to this command, the adapter will load the Identification Port 
FIFO with the following bytes, which may be read by the host when the command 
is complete. 


ID byte 0 OFh Identification message length 
ID byte 1 00h Device 0 ID 
ID byte 2 OOh Device 0 type 
ID byte 3 00h Device 1 ID 
ID byte 4 00h Device 1 type 
ID byte 5 00h Device 2 ID 
ID byte 6 00h Device 2 type 
ID byte 7 00h Device 3 ID 
ID byte 8 00h Device 3 type 
ID byte 9 00h Device 4 ID 
ID byte A 00h Device 4 type 
ID byte B 00h Device 5 ID 
ID byte C 00h Device 5 type 
ID byte D 00h Device 6 ID 
ID byte E 00h Device 6 type 
ID byte F 00h Reserved 
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Device IDs consist of the physical block size for a particular device and SCSI ID 
fields. If the SCSI ID field is 15 (Fh), a device is not installed at this device 
ID. The format for the ID byte is as follows: 


BIT 


76543210 
LItt cscs] Device ID 


SCSI Device physical block size 
Device physical block size is in 128-word (256-byte) increments, from 1 to Ofh. 


Device types consist of the following fields (bit </> is reserved): 


0 Reserved 

1 Sequential access device (tape} 
2 - JEn Reserved 

LFh Unknown device type 


Identify Adapter Firmware Command 


This command requests the adapter to return its firmware revision number to the 
host. The CDB for this command is as follows: 


CDB byte 0 O6h Identify Adapter Firmware opcode 
CDB bytes 1..5 00h Reserved 
Parm byte 1 07h SCSI ID of the adapter 


In response to this command, the adapter will load the Identification Port 
FIFO with the following bytes, which may be read by the host when the command 
is complete. 


ID byte 0O OFh Identification message length 
ID bytes 1..7 = xxh ASCII “COMPAQ” 
ID bytes 8..F = xxh Code revision level in ASCII 
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SCSI Bus Reset Command 


This command resets the SCSI bus and terminates any commands that are outstanding 
on any attached device. In addition, this command also resets the SCSI protocol 

chip and updates the internal Adapter Device table to include all devices on the 

SCSI bus. The CDB for this command is as follows: 


CDB byte 0 O7h SCSI Bus Reset opcode 
CDB bytes 1..5 OOh Reserved 


Parm byte 1 07h SCSI ID of the adapter 


Device Reset Command 


This command resets the SCSI device specified and terminates any commands that 
are outstanding on that device. The CDB for this command is as follows: 


CDB byte 0 O8h Device Reset opcode 
CDB byte 1 Oxh SCSI ID from 0 to 6 
CDB bytes 2..5 OOh Reserved 

Parm byte 1 07h SCSI ID of the adapter 
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Device Commands 


Device commands are issued to the specified SCSI device after the SCSI Option 
Adapter has successfully arbitrated for the SCSI bus, selected the device, and 
transferred any message bytes that may be necessary to establish communication 
with an attached device. Device commands may be any SCSI CDB that is valid for 
the particular device being accessed. Device commands follow the command protocol 
and consist of 6-, 10-, or 12-byte CDBs and a single parameter byte containing the 
device s SCSI ID. 


Reset Procedure and Response 


The complete SCSI Option Adapter reset procedure involves two operations: 
=» Asserting and then deasserting the ARS bit in the Control register 


m Executing a SCSI Bus Reset command 


When resetting the SCSI Option Adapter, the ARS bit should be asserted for a 
minimum of 5 microseconds, after which it should be deasserted. As soon as ARS 
is asserted, the SCSI Option Adapter sets BSY in the SCSI Option Adapter Status 
register and remains busy until after all reset initialization is complete. 
When the SCSI Option Adapter deasserts BSY following a reset, an interrupt is 
generated. As with any command to the SCSI Option Adapter, the SCSI Bus Reset 
command may be issued anytime the SCSI Option Adapter is idle. When this 
operation is initiated, the SCSI Option Adapter asserts BSY, resets the SCSI 
protocol chip, the SCSI bus, and any attached devices, and initializes any of 
these components which require it, following which an interrupt is generated. 
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Interrupt Generation 


The SCSI Option Adapter generates a command complete interrupt following any 
command or following reset initialization, on the transition from busy to not 
busy. In addition, interrupts are generated when data transfer service is 
required and the SCSI Option Adapter is in PIO mode. Data transfer interrupts 

are generated at the start of each block of data that is passed between the SCSI 
Option Adapter and the host. The block size is a device-dependent parameter that 
is communicated to the SCSI Option Adapter via the Configure Device command. When 
an interrupt is received, the RTX and DTH bits should be checked before proceeding 
with the programmed 1/0 loop. In DMA mode, data transfer interrupts are not 
generated and only command completion is signaled via interrupt. 


SCSI Option Adapter 
I/O Port Description 


The SCSI Option Adapter interface is configured as a contiguous block of four 1/0 
addresses, beginning at one of two selectable base addresses. All registers are 
eight bits wide, unless otherwise noted. Access of all registers is by programmed 
I/O except as noted in the register descriptions. Table 3-19 defines the port 
addresses and their functions. 


A more detailed description of the 1/0 port addresses follows Table 3-19. 


Table 3-19. COMPAQ SCSI Option Adapter I/O Port Description 


Address (Hex) Read Write 
Primary/Secondary Function Function 
330h/130h Data Port (16 bit) Data Port 
331h/131h Identification Port Command Port 
332h/132h status register Control register 
333h/133h Check Condition register Reserved 
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Data Port (Read/Write) (830h/130h) 


The Data Port is the 16-bit port between the host and the SCSI Option Adapter. 
Data words may be transferred either by programmed I/0 (PIO) or by host DMA 
cycles. If the host is an EISA system, the SCSI Option Adapter supports Type 'B™ 


DMA cycles at rates up to 4 MB/s (refer to Extended Industry Standard Architecture 


Expansion Bus Technical Reference Guide). Access of the Data Port is only valid 
when the RIX bit is set in the SCSI Option Adapter Status register. Data 


transfers through this port are in 16-bit words. If the byte-count is odd, PIO is 
always used with the low order byte being the pad byte. Odd-byte transfers are 
not supported using DMA. Regardless of transfer mode, data transfer lengths wil 
be limited to 32768 words (65536 bytes). 


Identification Port (Read Only) (331h/131h) 


The Identification Port is used to receive identification information from the 
SCSI Option Adapter. Identification bytes are accessible to the host on command 
and include information about the SCSI Option Adapter type and features the number 
and type of devices attached, the SCSI Option Adapter firmware revision level, 
etc. Ihe first byte of identification or status information read from the port 
contains the number of additional bytes available to be read. Subsequent bytes 
are read sequentially from the port, one after the other. All available bytes 
must be read from the port before a new command may be loaded into the Command 
Port. The hardware implementation of the Identification Port is as a FIFO stack. 
An SCSI Option Adapter reset flushes the contents of the Identification Port FIFO. 
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Command Port (Write Only) 


The Command Port is used to pass SCSI command descriptor blocks (CDBs) and 
additional SCSI Option Adapter parameter bytes to the board for processing. 
Parameter bytes are written to the Command Port immediately following the CDB. 
The SCSI Option Adapter accepts and uses the parameter bytes locally and passes 
the CDB bytes to the requested SCSI device. The SCSI Option Adapter determines 
the number of bytes in the CDB by the SCSI command class and considers any 
additional bytes written to the Command Port as parameters for its own use. 

The total number of CDB and SCSI Option Adapter parameter bytes is limited to 16, 
with bytes written sequentially to this port, one after the other. The hardware 
implementation of the Command Port is as a FIFO stack. An SCSI Option Adapter 
reset flushes the contents of the Command Port FIFO. 


Status Register (Read Only) (332h/132h ww 


This register contains the status from the SCSI Option Adapter. 


BIT 
76543210 


| Reserved 
DTH 1 = Direction to host 
RTX 1 = Request to transfer 
Reserved 
REJ 1 = Command reject 
ERR 1 = Error 
BSY 1 = Busy 
INT 1 = Interrupt pending 
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Control Register (Write Only) (332h/132h 


This register contains the control bits from the SCSI Option Adapter. 
All reserved bits must be written with zeroes for compatibility with 
future adapter versions. 


BIT 
76543210 
Reserved 
GO 1 = asserts BSY in the SCSI Option Adapter Status register 
DEN 1 = DMA enable 
IEN 1 = Interrupt enable 
Reserved 
DXM 1 = DMA data transfer 
QO = PIO data transfer 
Reserved 
ARS 1 = Adapter reset 


Fr 


Check Condition Register (Read Only) (333h/133h 


The Check Condition register contents are controlled by the Configure Adapter 
command. When the SCSI Option Adapter is configured in its ‘pass through mode, 
the Check Condition register holds the SCSI Status Byte, which is returned by a 
device after every command. If the SCSI Status Byte indicates a SCSI check 
condition has occurred, then a Request Sense command should be issued by host 
software in order to receive device-specific information regarding the check 
condition. The contents of the Check Condition register will be zeroed out when 
a new command is issued to the SCSI Option Adapter. 


S707 
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When the SCSI Option Adapter is configured to control the contents of this 
register itself, it contains device-specific information following an operation 
that ends in a check condition. In this mode, the register only contains valid 
information when the ERR bit is asserted in the SCSI Option Adapter Status 
register, or immediately following execution of a Test Unit Ready command. If 
a check condition is reported by a device, the SCSI Option Adapter itself will 
interrogate the device via a Request Sense command and load status bits, error 
bits, or an error code into this register. The bit definition for this register 
in this mode is unique to each type of device. Initial support is for the SCSI 
Option Adapter device itself and sequential access devices (tape drives}. The 
contents of the Check Condition register will be zeroed out when a new command 
1s issued to the SCSI Option Adapter. 


For the SCSI Option Adapter device itself, the following register definitions 
apply. All eight bits of the register are used to hold a Check Code, which 
describes the adapter status or an adapter command completion code. 


00h no error 

Olh reserved 

02h SCSI protocol device diagnostic error 

O3h no devices attached to SCSI bus 

04h invalid block size from device 

O5h..7Fh reserved 

80h command rejected invalid adapter command 

81h command rejected invalid parm during config adapter 
82h command rejected invalid parm during config device . 
83h command rejected invalid device, not attached 

84h command rejected invalid SCSI ID 

85h. . 8F reserved 

90h command rejected invalid CDB parms 

91h command rejected device type not supported 

92h command rejected invalid CDB group code 

93h command rejected invalid CDB length 


94h. .9Fh reserved 
AQh. .FFh reserved 
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For SCSI sequential access devices, the following register definition applies: 


BIT 
76543210 
L_ cNI 1 = Tape cartridge not installed 
WP 1 = Tape is write protected 
EOM 1 = End of media 
BOT 1 = Beginning of tape 
FMD 1 = Filemark detected 
Check Code for SCSI message or command completion code 
000 = no error 
001 = SCSI parity error detected 
O10 = device not ready 
Q11 = no data detected 
100 = unrecoverable data errors 
101 = block not located 
110 = Reserved 
111 = Reserved 
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320-/525-Megabyte 
Tape Drive Connector 


The connection between the adapter and any attached peripherals is through the 
SCSI bus. The adapter and peripherals are all daisy-chained together on the same 
cable. Table 3-20 defines the signals used for the interface. The I/0 
designations in this table are with respect to the host adapter. 


Table 3-20. Tape Drive Logic Board to Tape Signal Descriptions 


Pin I/O Signal Signal Description 

18 I/O  SODP- Negative true bidirectional data bus between the tape 
16 I/O SD/7- host adapter and the tape drive. Bit </> is the 
14 1/0 SD6- most-significant bit. 

12 I/O SD5- 

10 I/O SD4- 

8 1/0 SD3- 

6 I/Q0 SD2- 

4 I/O SDl- 

2 I/O SD0- 

48 I REQ- Request. Handshake signal for command or status 


byte transfers between the SCSI adapter and device. 
It is asserted to indicate that the command byte has 
been placed on, or a status byte has been taken from 
the bus. 

40 0 Roe Reset. When asserted, RST- resets the interface 
bus and holds it reset; reenables tape drive 
when deasserted. 

38 O ACK- Acknowledge. Handshake signal for data byte transfers 
between the SCSI adapter and device. It is asserted 
to indicate that a byte has been taken from or placed 
on the data bus. 

40 Q ATN- Attention condition. Indication from the adapter that 
a condition exists which requires message communication 
between the adapter and peripheral. 

50 I/O = DTH- Direction to Host. Indicates the direction that the 
device is prepared to transfer data. When asserted, 
the transfer direction is to the SCSI adapter. When 
deasserted, the direction is to the device. 

Continued 
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Table 3-20. Continued 


Pin I/O = Signal Signal Description 
36 I BSY- Indicates SCSI bus is being used 
44 Q SEL- Select. Used by the SCSI adapter to select a 
peripheral or by a peripheral to select the adapter. 
42 I MSG- Message. Signal driven by the peripheral device to 
indicate the message phase of the SCSI bus. 
46 I C-/D Indication from a peripheral that the type of 
(CMD- } information being transferred on the bus is either 


control (commands or status), when asserted, or data, 
when deasserted. 

25..26 Reserved 

20,22, Signal Ground 


odd pins 


except 25 
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SCSI External 
Adapter Connector 


Pin Signal Pin Signal 
01 GROUND 26 DBO- 
02 GROUND 2] DB1- 
03 GROUND 28 DB2- 
04 GROUND 29 DB3- 
05 GROUND 30 DB4- 
06 GROUND 3] DB5- 
07 GROUND 32 DB6- 
08 GROUND 33 DB/- 
Q9 GROUND 34 DBP- 
10 GROUND 35 GROUND 
1] GROUND 36 GROUND 
12 GROUND 3/7 GROUND 
13 GROUND 38 Reserved 
14 GROUND 39 GROUND 
15 GROUND 40 GROUND 
16 GROUND 4] ATN- 
17 GROUND 42 GROUND 
18 GROUND 43 BSY- 
19 GROUND 44 ACK- 
20 GROUND 45 SBRST- 
21 GROUND 46 MSG- 
22 GROUND 4] SEL 
23 GROUND 48 C+D- 
24 GROUND 49 REQ- 
25 GROUND 50 I+0- 


Figure 3-10. SCSI External Option Connector 
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Table 3-21 lists the 320-/525-Megabyte Tape Drive specifications. 


Table 3-21. 320-/525-Megabyte Tape Drive Physical and Electrical Specifications 


$1ze: 
Width 
Height 
Depth 
Weight 
Formatted capacity (ECC OFF) 
Flux reversal density 
Bit density 
Data transfer rate 
Tape speed: 
Read/Write 
Rewind/Fast Forward 


Tape end-to-end positioning time: 


Read/Write 
Forward/Reverse 


Track density 
Number of tracks 
Blocks/track 
Bytes/block 


561m 4 
1.7 in ( 
8.0 in (2 
2.4 1b ( 
320/525 M 
20,000 
16,000 
240 Kb/s 


120 IPS 
120 IPS 


64.5 sec (max) 
64.5 sec (max) 


111 TPI 
26 
13,744 
1024 
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FIXED DISK 
EXPANSION UNIT 


4.1 


4.2 


INTRODUCTION 


The Fixed Disk Expansion Unit provides high capacity mass storage to meet the 
needs of demanding applications such as Local Area Network (LAN) servers, 
multiuser systems, and databases. Two models of the Fixed Disk Expansion Unit 
are available: Model 300, and Model 650. 


This chapter contains the following information: 
= Features [4.2] 

= Hardware [4.3] 

= Software considerations [4.4] 


=" Connectors [4.5] 


FEATURES 


Each fixed disk expansion unit comes standard with one 300- or 650-megabyte 
fixed disk drive, depending upon the model. An optional fixed disk drive 
(either 300- or 650-megabyte) may be added to further expand storage capacity. 
In addition, two fixed disk expansion units may be used with one COMPAQ personal 
computer or PC System to provide 2.6 gigabytes of mass storage. 


The fixed disk drives are controlled by a COMPAQ 15-MHz ESDI Controller Board. 
Together, the controller and fixed disk drives include a forward reading buffer, 
1:1 interleave factor and an access time of less than 18 milliseconds (ms). 

The data transfer rate is 15 megabits per second (Mb/s). 


Performance is also enhanced with MS-DOS Versions 3.31 and 4.01, as well as 

MS OS/2 Versions 1.1 and 1.2, published by Compaq Computer Corporation. These 
operating systems allow each fixed disk drive to be formatted as a single, logical 
drive. This provides the capability to create or download files up to the total 
Capacity of each fixed disk drive. 


4-1 
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LAN Fault 
Tolerant Configuration 


The Fixed Disk Expansion Unit offers an ideal platform for specialized software 
designed to address the high fault tolerance requirements of Local Area Network 
(LAN) operation. Two configurations that address those requirements are referred 
to as drive mirroring and controller duplexing. Drive mirroring and controller 
duplexing provide an added measure of data integrity on two fixed disk drives with 
duplicate read and write actions. Both also provide faster read response time, 
Since the first drive to access the data performs the read. 


Tandem Operation 


Two Fixed Disk Expansion Units may be controlled by one personal computer. This 
configuration requires the installation of two 15-MHz ESDI controllers (one for 
each expansion unit) in the personal computer. In addition to increasing storage 
Capacity, tandem operation allows the use of data duplication procedures which 
provide increased integrity and reliability of stored data. These procedures are 
discussed in the following paragraphs. 


Drive Mirroring 


In drive mirroring, two identical fixed disk drives use the same ESDI controller. 
Data written to the primary-drive is duplicated on the second drive. Mirroring 
ensures that data integrity is maintained; should a data fault occur on the 
primary fixed disk, the system can continue to function using the secondary fixed 
disk drive and the data duplicated there. 


Controller Duplexing 


Controller duplexing provides the highest degree of fault tolerance and system 
reliability, as well as increased performance in write operations. A controller 
duplexing configuration requires two 15-MHz ESDI controllers and two identical 
fixed disk drives. This configuration provides a backup for the 15-MHz ESDI 
controller, as well as the fixed disk drives. Controller duplexing configurations 
also provide quicker write operations, since each controller can write to its disk 
drive simultaneously, instead of serially, as is done in drive mirroring. 
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4.3 HARDWARE 


Each expansion unit comes with an Expansion Unit Interface board and one 
300- or 650-megabyte fixed disk drive installed. A 15-MHz ESDI controller 
board, available separately from Compaq, is installed in an expansion slot 
of the personal computer. 


Expansion Unit 
Interface Board 


The expansion unit comes with the interface board installed. This board 
provides the interface between the fixed disk drive(s) in the expansion 
unit, and a 15-MHz ESDI controller board installed in the personal computer. 
Figure 4-1 shows a functional block diagram of the Expansion Unit Interface 
board circuitry. 


WRITE WRITE WRITE 
DATA/CLOCK Write / DATA/CLOCK DRVO DATA/CLOCK 
READ Read READ & Latch READ 
DATA /CLOCK Data DATA/CLOCK DATA /CLOCK 


Buffer 


DRIVE 1 
CONNECTOR 
ENABLE @ 
Drive 
DRS1— Selector 
AME— 
ENABLE 1 
WRITE 
DRVI DATA/CLOCK 
Latch READ 
DATA/CLOCK 
DRIVE 2 
CONNECTOR 
DRIVE CONTROL/STATUS ESDI DRIVE 


CONTROL CONNECTOR 
44—PIN 1/0 
CONNECTOR 


Figure 4-1. Expansion Unit Interface Adapter Board Circuitry, Functional Block Diagram 
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4.4 SOFTWARE 
CONSIDERATIONS 


Support for the 15-MHz ESDI controller to be set at the alternate address 
(170h..177h) is contained in the MS-DOS driver EXTDISK.SYS. To determine if 

INT 13h support for the alternate 15-MHz ESDI controller board is present, 
execute an INT 13h with AH = 08h (Get Drive Parameters) and DL = 82h. If support 
is present, the carry flag is not set on return (CF = NC); otherwise the carry 
flag is set (CF = CY) to indicate no support. 


To determine the number of fixed disk drives supported by INT 13h, call 

INT 13h with AH = O8h and DL = 80h, which will return the number of drives 

on the 15-MHz ESDI controller board in DL (0..2). In addition, calling 

INT 13h with AH = O8h and DL = 82h will return the number of drives on the 
alternate 15-MHz ESDI controller in DL (0..2). Drives on the primary 15-MHz 

ESDI controller are accessed as 80h and 8lh. Drives on the secondary 15-MHz 

ESDI controller are accessed as 82h and 83h. For example, if one fixed disk 
drive is on the primary 15-MHz ESDI controller and one is on the alternate 15-MHz 
ESDI controller, then the drives will be addressed as 80h and 82h, respectively. 


INT 13h functions AH = 88h, Get Pointer to Fixed Disk Drive Parameter Table, and 
AH = 89h, Set Pointer to Fixed Disk Drive Parameter Table, provide access to the 
fixed disk drive parameter tables for drives 82h and 83h much like INT 41h and 


INT 46h provide pointers to the fixed disk drive parameter tables for drives 
80h and 8lh. 
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Changes in I/O INT 13h 
Fixed Disk Drive Calls 


For all INT 13h I/O, drives 82h and 83h will access drives 0 and 1 of the 
alternate fixed disk drive 15-MHz ESDI controller. 


INT 13h, AH = OOh - Reset 


If DL is 82h or 83h on entry, the alternate and the primary fixed disk drive 
controllers are reset. If DL is 80h or 8lh, the primary fixed disk drive 
controller is reset, but the alternate fixed disk drive controller is not. 


INT 13h, AH = 02h, 03h, 04h, 05h - Read Sectors/Write Sectors/Verify Sectors/Format Track 


Drives 82h and 83h access the fixed disk drives on the alternate fixed disk 
drive controller. 


INT 13h, AH = O8h - Get Drive Parameters 


If DL is 80h or 81h on entry, Get Drive Parameters will] return in DL, the number 
of drives on the primary fixed disk drive controller. The number of fixed disk 
drives on the alternate fixed disk drive controller will be returned if DL is 82h 
or 83h on entry. 


INT 13h, AH = O9h - Set Drive Parameters 


Drives 82h and 83h set the drive parameters for the fixed disk drives on the 
alternate fixed disk drive controller. 


INT 13h, AH = OAh, OBh - Read Long/Write Long 


Drives 82h and 83h access the fixed disk drives on the alternate fixed disk 
drive controller. 
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INT 13h, AH = OCh - Seek Cylinder 


Drives 82h and 83h access the fixed disk drives on the alternate fixed disk 
drive controller. 


INT 13h, AH = ODh - Alternate Disk Reset 
Drives 82h and 83h cause the alternate fixed disk drive controller to be reset. 


INT 13h, AH = 10h, 11h - Test Drive Ready/Recalibrate Drive 


Drives 82h and 83h access the fixed disk drives on the alternate fixed disk 
drive controller. 


INT 13h, AH = 14h - Controller Diagnostic 


Drives 82h and 83h will cause the controller diagnostic to be performed on the 
alternate fixed disk drive controller. 


INT 13h, AH = 15h - Get Type of Drive 


Drives 82h and 83h return the drive type and capacity (in sectors) for the fixed 
disk drives on the alternate controller. 
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Additional INT 13h 
Fixed Disk Drive I/O Calls 


INT 13h, AH = 88h - Get Pointer to Fixed Disk Drive Parameter Table 


Returns a pointer in ES:BX to the fixed disk drive parameter table for drive 82h 
or 83h, the number of fixed drives on the alternate fixed disk drive 15-MHz ESDI 
controller in AL, and the hardware interrupt number (11, 12, 14, or 15) in CL. 


INPUT: 
AH] 88H SASSI IITILTL/ A OAL 
BXIS SLITS ILTTILLT TST LLTT LTT TTT LT TT 

CITT ITI IAI TEA 

DHIS SSSI SSSI LTST SS DRIVE DL 
Where DL = 82h or 83h 

OUTPUT: CL = IRQ (11, 12, 14, or 15) 
AH| —- 88h_~—Ssté‘<‘Y~SSC#«ODRXIVESS AL 
BX OFFSET OF POINTER 
CHIS/////ITII//T///) ~=CNTLR INT CL 
DHSS /SSSITTIS ITT T/ DRIVE DL 


ES SEGMENT OF POINTER 


All other registers are preserved. 
If INT 13h support is not present for drives 82h and 83h, then AH is set to Olh 


(bad command) and the carry flag is set on return. The drive count returned in 
AL is the number of drives sensed during the power-on self-test routines. 


COMPAQ Peripherals Technical Reference Guide 


4-8 section 1 Mass Storage 


INT 13h, AH = 89h - Set Pointer To Fixed Disk Drive Parameter Table 


Sets the pointer from ES:BX to the fixed disk drive parameter table for drive 82h 
or 83h and the number of fixed disk drives on the alternate fixed disk drive 
15-MHz ESDI controller. 


INPUT: 


AK # DRIVES 
BX 
4 


DXISSSTTLLTLTTTT TT DRIVE 
es|____ SEGMENT OF POINTER 


Where DL = 82h or 83h 


AL 


DL 


OUTPUT: 


# DRIVES 
DRIVE 


ES SEGMENT OF POINTER 


If INT 13h support is not present for drives 82h and 83h, then AH is set to Olh 
(bad command) and the carry flag is set on return. The drive count returned in 
AL is the number of drives sensed during the power-on self-test routines. 


AH AL 
BX 
CX 


DX 


COMPAQ Peripherals Technical Reference Guide 


a Section 1 Mass Storage 4-9 


Interrupt Support 


The ESDI Interrupt Configuration register (address 11Flh) determines the hardware 
interrupt control used by the 15-MHz ESDI controller. This register enables one 
of four interrupts that are hardware/software selectable. A read of this register 
indicates the enabled interrupt. 


The bits in this register are as follows: 


BIT 
76543210 
L__ 1 = Software IRQ11 Enable (write/read) 
1 = Software IRQ12 Enable (write/read) 
1 = Software IRQ14 Enable (write/read) 
1 = Software IRQ15 Enable (write/read) 
O = IRQ11 Enable (read only) 
ed 1 = IRQ11 Disabled (read only) 
O = IRQ12 Enable (read only) 
1 = IRQ12 Disabled (read only) 
O = IRQ14 Enable (read only) 
1 = IRQ14 Disabled (read only) 
O = IRQI5 Enable’ (read only) 
1 = IRQ15 Disabled (read only) 


At power-on, the setting of the 15-MHz ESDI controller switch SW500 selects the 
hardware interrupts (see Table 4-1). To allow software to overwrite the switch 
settings, the first write to the register, following a power-on, overrides switch 
SW500. The value written into bits <0..3> are then used to select the hardware 
interrupt. Device driver EXTDISK.SYS will use the selected interrupt. 
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Switch settings for the 15-MHz ESDI controller board (switch SW500) are listed 
in Table 4-1. 


Table 4-1. 15-MHz ESDI Controller Board Switch SW500 Settings 


Switch Number Setting Function 
SW500-1 Controller Address 
OFF Primary Address 
ON Secondary Address 
SW500-2 & -3 SW500-2 SW500-3 Power-On Default Interrupt 
ON ON IRQ11 
OFF ON IRQ12 
ON OFF TRQ14 
OFF OFF IRQ15 


NOTE: The interrupt determined by these switch settings can be overridden by 
writing the configuration register on the controller board. 


CMOS Configuration 
Memory Bytes 1Bh and 1Ch 


CMOS configuration memory bytes 1Bh and 1Ch are used to contain the fixed disk 
drive types for drives 82h and 83h, respectively. If CMOS RAM byte 1Bh is OOh, 
drive 82h is assumed to be not present; if CMOS RAM byte 1Ch is 00h, drive 83h 
1S assumed to be not present. 
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CONNECTORS 


The Expansion Unit and the 15-MHz ESDI controller board installed in the personal 
computer or PC System are connected by a multiconductor cable. 


Table 4-2 contains the pin descriptions and signal functions for the 
44-Pin Expansion Unit Interface Connector. 


Table 4-2. Signal Description For 44-Pin Expansion Unit Interface Connector 


Signal Pin 1/0 Description 

DOSLTD- 2 I Lines that indicate the drive currently selected 
DISLID= 3 I 

WCLK+ 5 Q A differential clock pair used for writing 

WCLK- 6 0 data bits to the drive 

DOCMDCMPLT- 8 I Status lines that indicate command completion 
DICMDCMPLT- 9 I from a drive to the controller 

RCLK+ 11 I A differential clock signal used for reading 
RCLK- 12 I data bits from a drive 

CSD- 14 I Configuration/Status Data received from a drive, 


in a serial 16-bit plus parity format 
ATN- 15 I A signal from a drive indicating the drive 


wishes the controller to request its status 


WDATA+ i? Q A differential pair that defines the data to be 
WDATA- 18 0 written to the drive 

SCT - 20 I Signal that indicates the beginning of a sector 
INDEX- 21 ] Signal that indicates the beginning of a track 
RDATA+ 23 I Data recovered by reading previous written 
RDATA- 24 I information is transmitted to the controller 


via this differential pair 
XACK- 26 ] Line from a drive indicating that a TXREQ- has 


been acknowledged and valid data transferred; 
all CSD and CMD DAT transfers handshake with 
TXREQ- and XACK- 
NOTE: I/O direction is defined using the controller as the signal source; 
therefore, INPUT or OUTPUT is to or from the controller, respectively. 
Continued 
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Table 4-2. Continued 


Signal Pin 1/0 
TXREQ- | 0 
DSO- 29 0 
DS1- 30 0 
CMDDAT- 32 0 
RG- 33 0 
HSO0- 35 0 
HS1- 36 0 
HS2- 37 0 
HS3- 38 0 
WG- 40 0 
READY - 42 ] 
AME- 43 0 
GND- Lad 
10,13,16 
19,22,25 
28,31,34 
39,41,44 


Description 

Line from the controller requesting that one 

bit of data be transferred from the drive to 

the controller; al] CSD and CMD DAT transfers 
handshake with TXREQ- and XACK- 

These bits provide the binary coded drive 

select address 

A command issued to the drive, in a serial 
16-bit plus parity format 

Signal that allows data to be read from the disk 
(READ GATE) 

Lines that allow selecting individual read/write 
heads in a binary code sequence 


Signal that allows data to be written to a disk 
(WRITE GATE) 

Signal from a drive that the spindle is up 

to speed 

The trailing edge of this signal, with the WRITE 
GATE- asserted, initiates writing the sync field 
on the drive 

Signal return 


NOTE: I/O direction is defined using the controller as the signal source; 
therefore, INPUT or OUTPUT is to or from the controller, respectively. 
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Table 4-3 contains the pin descriptions and signal functions for the 34-Pin 
ESDI Drive Control Cable Connector. All I/O designations are with respect to 
the drive. 


Table 4-3. Signal Description for 34-Pin ESDI Drive Control Cable Connector 


Pin 
Signal (note) I/0 Description 
HEAD SELECT 3- 2 I Lines that allow selecting individual 
ce 4 I read/write heads in a binary code sequence 
0- 14 I 
Gs 18 I 
WRITE GATE- 6 I Allows data to be written on the disk 
CONFIG/STATUS 8 0 Serial data in 16-bit plus parity format sent 
DATA- to controller 
TRANSFER ACK- 10 0 Line from the drive indicating that a 
transfer request has been acknowledged and 
valid data transferred; all CSD and CMD DAT 
transfers handshake with TRANSFER REQ- and 
TRANSFER ACK- 
ATTENTION- 12 0 Signal from the drive indicating the drive 
wants the controller to request its status 
SECTOR- 16 0 Indicates the beginning of a sector 
INDEX- 20 0 Indicates the beginning of a track 
READY - 22 0 Signal indicates only that the spindle is 


up to speed 


TRANSFER REQ- 24 I Line from the controller requesting that one 
bit of data be sent between the drive and the 
controller; all CSD and CMD DAT transfers 
handshake with TRANSFER REQ- and TRANSFER ACK- 


DRIVE SELECT 0- 26 I These bits provide the binary-coded drive 

DRIVE SELECT 1- 28 ] select address 

READ GATE- a2 I Signal allows data to be read from the disk 

COMMAND DATA 34 I A command issued to the drive ina serial, 
16-bit plus parity format 

RESERVED 30 


NOTE: All odd numbered pins are ground. 


= 15 
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Table 4-4 describes the 20-Pin DRIVE 1/DRIVE 2 Data Cable Connector pinouts and 
Signal descriptions. All I/0 designations are with respect to the drive. 


Table 4-4. 20-Pin DRIVE 1/DRIVE 2 Data Cable Connector Description 


Signal Pin 1/0 Description 

DRIVE SELECTED- 1 0 A status line provided to inform the controller 
system of the selection status of the drive 

SECTOR- 2 0 Indicates the beginning of a sector 


COMMAND COMPLETE- 3 Q A status line that indicates command completion 
to the controller 


ADDRESS MARK 4 0 The trailing edge of this signal with the WRITE 
ENABLE- GATE- asserted initiates writing the sync field 
on the drive 
+WRITE CLOCK ] I A differential pair of clocks used for 
writing data bits to the drive 
-WRITE CLOCK 8 
+READ/REFERENCE 10 «860 Differential clock signal used for reading data 
CLOCK bits from the drive 
-READ/REFERENCE 11 0 
CLOCK 


+NRZ WRITE DATA 3 
-NRZ WRITE DATA 14 


I 

I 
+NRZ READ DATA 17 30 Data recovered by reading previously written 
-NRZ READ DATA 18 = information is transmitted to the controller via 


this differential pair 


A differential pair that defines the data to be 
written on the track 


-DRV PRESENT 19 Q Indicates Drive is connected to 15 MHz ESDI 
controller 
GROUND 5,6, Signal returns 
| e/a ls 
16, 
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32-BIT INTELLIGENT 
DRIVE ARRAY CONTROLLER 


5.1 INTRODUCTION 


This chapter describes the 32-Bit Intelligent Drive Array (IDA) Controller Board 
and Fixed Disk Drive Array. 


This chapter contains the following information: 


Functional description [5.2] 

Bus Master Interface Controller [5.3] 
Standard Interface [5.4] 

Transfer Buffer [5.5] 

Transter Controller: 15.6] 

1/0 Processor [5.7] 

Fixed Disk Drive Array [5.8] 

Fault tolerance methods [5.9] 

32-Bit IDA Controller registers [5.10] 
Bus Master interface programming [5.11] 


Standard interface programming [5.12] 


Sa 
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9.2 FUNCTIONAL 
DESCRIPTION 


The 32-Bit IDA Controller is a microprocessor-based subsystem that manages the 
operation of and allows access to a fixed disk drive array. 


A drive array consists of up to four pairs of physical drives. The data is 
distributed across the physical drives to unite them into a high-performance 
logical drive. The ability to service several requests simultaneously, and to 
perform parallel data transfers, complements the high-speed data handling 
capabilities possible with the IDA controller. 


The IDA controller contains two independent interfaces, the Bus Master Interface 
and the Standard Interface. Both interfaces allow access to the drive array, but 
provide different compatibility and performance features. When writing new disk 
device drivers, port selection depends on the software s particular needs for 
Speed and compatibility. 


The Bus Master Interface provides a 32-bit data path, and up to 33 megabytes per 
second (MB/s) transfer rate between the system memory and the IDA controller. 
This high-speed port includes the Control and Status registers necessary to 
respond to commands and requests when processing data transfers. Because it can 
handle multiple requests, the Bus Master Interface can receive and service 
requests in the order that offers the highest overall throughput. In order to 
take advantage of these performance features, the operating system disk device 
driver must be specifically written for use with the Bus Master Interface. 


The Standard Interface allows access to the drive array using the registers and 
command set compatible with COMPAQ integrated fixed disk drives and ESDI 
controllers. This allows existing device drivers to access the drive array 
through the Standard Interface. This port provides a 16-bit data path between 
the system processor and the IDA controller. 
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The IDA controller can manage up to four drive array pairs, which form the 
drive array, each attached to the controller via a cable assembly. The 
controller is designed to allow the operating system device drivers to 
function independently of the configuration of the drive array. 


Three methods of fault tolerance are provided by the IDA controller and 
drive array. The three methods are Data Guarding, Drive Mirroring, and 
Controller Duplexing. 
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Figure 5-1 shows a functional block diagram of the 32-Bit IDA Controller and 
drive array. 
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BUS MASTER 
INTERFACE 


CONTROLLER 


The Bus Master Interface Controller (BMIC) provides all the control, address, 
and data lines necessary to interface with the EISA expansion bus. The primary 
function of the BMIC is to provide Bus Master control of the EISA expansion bus 
during the 32-bit, high-speed data burst transfers. EISA data burst operations 
transfer data to main memory from the 32-Bit IDA Controller at up to 33 MB/s. 
The BMIC requires a minimum of external buffers and control logic to perform 
its function. 


STANDARD INTERFACE 


The Standard Interface (SI) provides access to the 32-Bit IDA Controller 
when the disk device drivers support standard fixed disk drive controllers. 


The Standard Interface I/0 registers are configurable at one of two base 
addresses, either 1F0h or 170h. The interrupt level is software selectable 
between IRQ11, IRQ1O, IRQ14, and IRQ15. The SI directly interfaces with both 
the EISA expansion bus and the transfer controller. The SI also interfaces with 
the I/0 processor, which allows the I/0 processor access to a shared register 
set. This enables programmed control of the SI and data transfers with the 
drive array. The SI incorporates a Programmed Input/Output (PIO) register set 
and associated logic. 


5.9 TRANSFER BUFFER 


The Transfer Buffer is a holding area for data being transferred to 

and from the drive array. The Transfer Buffer consists of 128 Kbytes of 
30-ns Static Random Access Memory (SRAM). This high-speed SRAM supports 
data transfers at EISA 32-bit burst rates. 


oS 
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9.6 TRANSFER 
CONTROLLER 


The Transfer Controller (TC) consists of four major transfer channels assigned to 
different sections of the IDA controller. The local] 80186 processor, Bus Master 

Interface, SI, and the drive array each have a dedicated transfer channel within 

the TC, and each has a specific priority level. 


The TC manages the Transfer Buffer. Address pointers to locations in the Transfer 
Buffer are used to control access to it. Several read/write registers in the TC 
are used by the I/0 processor to control TC operations. 


The interface to the drive array is divided into four 16-bit subchannels. Any 
subchannel can be assigned to any one of the drives in the array. The four 
subchannels have equal priority and are rotated so as to change the 

active channel. 


5.7 1/0 PROCESSOR 


The 32-Bit IDA Controller operates under the control of the I/0 processor, the 
Intel 80186. The processor operates at a clock speed of 16 MHz with a total of 
256 Kbytes of local RAM and up to 128 Kbytes of local ROM. 


The I/0 processor, Bus Master Interface, and control logic enable the IDA 
controller to perform its tasks independently of the system processor. However, 
error handling, recovery, and command completion indications are sent to the 
system processor. 
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FIXED DISK 
DRIVE ARRAY 


A drive array consists of up to four pairs of fixed disk drives. The drives 
within the drive array rotate synchronously so that the drives can be accessed 
together as though one large drive is accessed. The data is distributed across 
all of the drives to provide the high-speed performance of a logical drive. This 
feature aids in the parallel high-speed data transfers possible with the IDA 
controller. The ability to perform multiple seeks using the multiple actuators 
is also an advantage over having a single large fixed disk drive with only one 
actuator. The ability to perform multiple seeks allows access to different 
sectors and tracks on different drives during a data request. This is only 
possible with the drive array and IDA Controller combination. 


The distribution of data across the drives of the drive array depends on two 
factors: the type of fault tolerance (error recovery method used) and the 
operating system used. 


Physical drives are arranged into one or more logical drives within the drive 
array. The physical drives used to make up a logical drive must be of the same 
drive capacity. 


Configuration of the 32-Bit IDA Controller parameters is accomplished by the 
COMPAQ EISA CONFIGURATION utility. Such parameters as logical drive number 
and type of fault tolerance are set via the COMPAQ EISA CONFIGURATION utility. 


Refer to Tables 5-1 through 5-3 for possible drive combinations within the 
drive array. 


o-/ 


COMPAQ Peripherals Technical Reference Guide 


SS 9-8 section 1 Mass Storage 


Table 5-1. Drive Combinations Using Data Guarding 


Drives Capacity Heads Sec/Track Cylinders 
4x210 636.86 32 63 617 

4x210 636.86 16 63 1234 
8x210 1273.72 64 63 61/7 

8x210 1273.72 16 63 2468 


Table 5-2. Drive Combinations Using Drive Mirroring 


Drives Capacity Heads Sec/Track Cylinders 
2x120 121.41 8 39 760 

2x210 212.62 16 38 683 

4x210 424.23 16 63 822 

6x210 636.86 32 63 617 

6x210 636.86 16 63 1234 
8x210 848.46 32 63 822 

8x210 848.46 16 63 1644 


Table 5-3. Drive Combinations Without Fault Tolerance 


Drives Capacity Heads Sec/Track Cylinders 


2x120 242.81 8 63 940 
2x210 424.23 16 63 822 
4x210 848.46 32 63 822 
4x210 848.46 16 63 1644 
6x210 1273.72 64 63 61/7 
6x210 12/73./2 16 63 2468 
8x210 1696.92 64 63 822 
8x210 1696.92 16 63 3288 
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59.9 FAULT TOLERANCE 
METHODS 


Three methods of fault tolerance are provided by the IDA controller and drive 
array combinations. The purpose of fault tolerance is to provide high data 
reliability to the personal computer. 


The three methods of fault tolerance are Data Guarding, Drive Mirroring, and 
Controller Duplexing. The three methods are described as follows: 


Data Guarding 


Data Guarding, a new feature developed specifically for the 32-Bit IDA Controller, 
provides the utmost in data reliability while using less than 25 percent of the 
storage capacity. Essentially, a portion of the drive array storage is allocated 
as ‘data guard space, on which encoded information is stored. In the event of a 
drive failure, the data guard codes, in conjunction with remaining drives, would 
allow reconstruction of all files. An array of four or eight drives is required 
for use of the data guard feature. Data guarding can offer extensive fault 
tolerance and fault recovery, with minimum system downtime. 


Drive Mirroring 


Drive Mirroring allocates half of the drive s capacity to mirror the other 
drives, so there are always two copies of every file. If a drive should happen to 
fail, the ‘mirror provides a backup copy of the files. A minimum of two drives 
1S required to use drive mirroring. 
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Controller Duplexing 


Controller Duplexing uses two 32-Bit IDA Controllers and special support by the 
operating system to provide the highest level of sub system reliability. With 
duplexing, the two controllers each have their own drive arrays that contain 
identical data. In the event of drive or controller failure, the remaining drive 
array and controller begin servicing all requests. 


COMPAQ Peripherals Technical Reference Guide 


9.10 32-BIT IDA 


CONTROLLER 
REGISTERS 


Section 1 Mass Storage oe el 


The following I/0 maps in Table 5-4 and 5-5 define the 32-Bit IDA Controller s 


BMIC, and SI addresses, and their functions. 


Table 5-4. BMIC I/O Map 
Host Address 


Primary/ 

Secondary Read Function Write Function 

ZC80 Board ID Byte 0 Reserved 

zC81 Board ID Byte 1 Reserved 

ZC82 Board ID Byte 2 Reserved 

ZC83 Board ID Byte 3 Reserved 

2C88 Configuration Reserved 

zC89 Interrupt Mask Interrupt Control 

ZC8C Local Doorbell! Mask Reserved 

zC8D Local Doorbel|] Interrupt Local Doorbell] Status 
ZC8E System Doorbel] Mask Reserved 

ZC8F System Doorbell] Interrupt System Doorbell Status 
zC390 Mai | box Mai | box 

ZC9F Mai | box Mai | box 

ZCCO Controller Configuration Controller Configuration 
NOTE: Where 'z is the number of the EISA slot in which the board is located. 
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Table 5-5. Standard Interface I/0 Map 


Address 

Primary/ 

secondary Read Function Write Function 
01F0/0170 Data Port (16-bit) Data Port (16-bit) 
01F1/0171 Error Precomp Cylinder 
01F2/0172 Sector Count Sector Count 
01F3/0173 Sector Number Sector Number 
01F4/0174 Cylinder Low Cylinder Low 
O1F5/0175 Cylinder High Cylinder High 
01F6/0176 Size/Drive/Head Size/Drive/Head 
01F7/0177 Status Command 

03F6/0376 Alternate Status Digital Output 
ume gare Interrupt Configuration Interrupt Configuration 


Configuration Registers 


The 32-Bit IDA Controller Configuration registers are the ID registers, Controller 
Configuration register, and Interrupt Configuration register. They are described 
as follows: 


ID Registers (zC80h-zC83h) (Read) 


NOTE: The "z" used in the addresses above indicates the EISA slot in which 
the board is located. 


The BMIC ID registers consist of four 8-bit registers. These registers are 
programmed by the I/O processor after IDA Controller reset and initialization. 
The registers are mapped as Read Only into the EISA ID I/0 address range. The 
four ID registers values are (0E1140xx) in registers 0-3, respectively, once 
the I/0 processor writes to them. 


Controller Configuration Register (ZCCOh) (Read/Write) 


NOTE: The 'z' used in the above address indicates the EISA slot in which 
the board is located. 
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This register contains configuration control bits for the 32-Bit IDA Controller, 
allowing the configuration of the controller via the COMPAQ EISA CONFIGURATION 
utility. This register is not accessible until after the controller power-on or 
reset initialization has been completed, as signaled by reading valid EISA ID 
registers and not the setup delay code when accessing the EISA 1D registers. 

The bits in the register are defined as follows: 


BIT 
76543210 


= 


Standard Interface Enable bit (SIEN) 

1 = Enables the registers and interrupt 
associated with the Standard Interface 

0 = Disables all these registers and interrupts 


Standard Interface Address Select bit (SIPR) 
1 = Selects the secondary base address 170h-177h 
0 = Selects the primary base address 01FO0h-0O1F/h 


Bus Master Enable bit (BMEN) 
1 = Disables the BMIC interrupt and has no effect on 
the other BMIC registers 
0 = Enables the interrupt associated with the Bus Master Port 


1/0 Processor Software Reset bit (PRST) 

1 = Reset the local 80186 processor and should be 
high for a minimum period of 4 us; the processor 
is held reset until this bit is cleared 

QO = Processor enabled 


Bus Master Interrupt Enable 3 (BIE3) 
1 = Enabled to the bus at interrupt level 11 


Bus Master Interrupt Enable 2 (BIE2) 
1 = Enabled to the bus at interrupt level 10 


Bus Master Interrupt Enable 1 (BIE1) 
1 = Enabled to the bus at interrupt level 14 


Bus Master Interrupt Enable 0 (BIE0) 
1 = Enabled to the bus at interrupt level 15 
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Interrupt Configuration Register (11F1h/1171h) (Read/Write) 


This register contains the interrupt select information for the 32-Bit IDA 
Controller's Standard Interface. Bits <4..7> are the default interrupt select 
bits after the board powers up, and are read only. These bits may be read any 
time after power up. Bits <0..3> are the software interrupt enable bits, which 
override the default value when they are written. 


Interrupt enable may also include writing to the Drive Control register at address 
3F6h/376h, enabling the controller to generate interrupts. The digital output 
register at 3F6h/376h has a bit that controls the Standard Interface Interrupt 
Enable. This bit is default enabled at power-on. 
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BIT 
76543210 


= 


IRQ11 enable 

1 = Indicates IRQ11 has been software 
selected and enabled 

0 = Disabled 


IRQI1O enable 

1 = Indicates that IRQ1O has been software 
selected and enabled 

QO = Disabled 


IRQ14 enable 

1 = Indicates that IRQ14 has been software 
selected and enabled 

0 = Disabled 


IRQ15 enable 

1 = Indicates that IRQ15 has been software 
selected and enabled 

QO = Disabled 


Default IRQ11 enable 

1 = Disabled as default interrupt 

QO = Indicates that IRQ11 is selected and enabled 
as the default interrupt 


Default IRQ10O enable 

1 = Disabled as default interrupt 

Q = Indicates that IRQ10 is selected and enabled 
as the default interrupt 


Default IRQ14 enable 

1 = Disabled as default interrupt 

QO = Indicates that IRQ14 is selected and enabled 
as the default interrupt 


Default IRQ15 enable 

1 = Disabled as default interrupt 

0 Indicates that IRQ15 is selected and enabled 
as the default interrupt 
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Interrupt Operation 


The 32-Bit IDA Controller is able to generate system hardware interrupts. There 
are two sources for these interrupts, the Bus Master Interface Controller (BMIC) 
and the Standard Interface (SI). 


The Bus Master interrupts are defined as level sensitive and represent a low level 
interrupt selected in the Controller Configuration register. 


The Standard Interface interrupts are edge sensitive and cause a low to high 
transition on the selected interrupt line. This interrupt is selected in the 
Interrupt Configuration register. 


When both Interrupt types are assigned to the same interrupt level 11, 10, 14, 
and 15, they become shared. The selected interrupt will generate a low level 
Signal on the chosen hardware interrupt line. When the Bus Master Interface 
interrupts are disabled the interrupt signal will revert back to edge sensitive. 
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5.11 BUS MASTER 
INTERFACE 
PROGRAMMING 


To submit a request to the 32-Bit IDA Controller through the Bus Master Interface, 
the operating system device driver first builds a data structure in system memory. 
This data structure, or Command List, may be a simple read or write request, or it 
may be a more elaborate set of requests containing many read and write requests. 


The Command List is then submitted to the 32-Bit IDA Controller. The controller 
uses Bus Master capabilities to transfer the Command List over to its internal 
memory for processing. The controller then oversees the execution of the Command 
List, including the transferring of the data. 


Once execution of the Command List is complete, the controller notifies the 
operating system device driver. 


The submitting of the Command List, and the notification of a Command List 
Completion are done by a protocol which uses the Bus Master Interface 
1/0 registers. 


To allow multiple outstanding requests to the IDA Controller, these I/0 registers 
are divided into two channels: a Command List submit channel, and a Command List 
complete channel. 


The first part of this section defines the Command List data structure. 
The second part defines the Command Protocol. 
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Command List 


The data structure of a Bus Master Interface command is called a Command List. 

A Command List consists of a Command List Header, followed by a variable number 
of Request Blocks. The Request Blocks themselves are variable in length. A 
Command List typically contains a number of related Request Blocks, from one to 
any number that takes up less than 16 Kbytes of memory. The Command List Header 
contains data that applies to all the Request Blocks in the given Command List: 
Logical Drive Number, Priority, and Control Flags. The Request Blocks consist of 
a Request Block Header and other request parameters, depending on the type of 
request. The Request Block Header has a fixed length, whereas the other request 
parameters are variable in length. 


By forming a Command List out of several individual Request Blocks, where the 
individual Request Blocks represent an I/0 request, and by submitting the Command 


List to the 32-Bit IDA Controller all at once, system overhead is reduced. 


Figure 5-2 shows the Command List. 


Command List Header 


Figure 5-2. Command List 
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Command List Header 


The Command List Header contains information that applies to all the Request 
Blocks in the Command List. The Command List Header is four bytes in length. 


Figure 5-3 shows the Command List Header. 


15 87 0 
Priority Logical Drive Number 
0..255 (Byte) 0..255 (Byte) 


Control Flags (Word) 


it <0> 
= Notify on completion of list 
= Notify on completion 

of every request 


Bit <l> 

0 = Error notification on completion 
of list 

Error notification on 

completion of request 


— 
lI 


Do not abort on error 


it <2> 
= Abort on error 


Requests can be reordered 


it <3> 
= Do not reorder requests 


Bit <4..15> Reserved 


Figure 5-3. Command List Header 
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Logical Drive Number 


The Logical Drive Number specifies which Logical Drive that all of the Request 
Blocks within the Command List apply to. Logical Drives are numbered sequentially 
beginning with zero. 


Priority Byte 


The 32-Bit IDA Controller can operate on many Command Lists concurrently. To 
provide some control over the scheduling of a Command List, a priority may be 
specified. The higher the priority, the faster the Command List will be completed 
relative to other Command Lists already scheduled. The highest priority is 255, 
the lowest is zero. 


A higher priority read request will not always be completed prior to a lowest 
priority write request to the same block even though the write request was 
submitted first. 


Control Flags 


The Control Flags specify that requests are ordered. Ordered requests are 
scheduled according to priority. They are placed after all previous requests of 
the same priority. If all the requests were of the same priority and had the 
order flag set, the scheduler would become a first-come, first-served algorithm. 
It should be noted that although the processing of requests in order will be 
correct, it is not guaranteed that the Command List Complete Notifications wil 
be in order. 
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Error Condition Reporting options are specified by the Error Flag bits in the 
Control Flags. In the event of an error, the IDA Controller can either: notify 
the system processor and continue processing the Request Blocks in the list, 
notify the system processor and stop processing of all other Request Blocks in the 
list, or not notify the system processor of the error. An error code will be 
returned in the BMIC Command List Status register at the time of the next Command 
List Complete Notification and in the error code field in the Request Block where 
the error occurred. 


Notification of completion can either be for each individual Request Block or for 
the entire Command List. If the operating system device driver wants to know when 
each individual Request Block was completed, this flag should be set. 
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Request Block 


The Request Block consists of two parts: a fixed length Request Header and a 
variable length parameter list. The Request Header has the same format for every 
Request Block. The parameters are structures of Scatter/Gather Descriptors, which 
define the system memory transfer address. 


Figure 5-4 shows the Request Block. 


Figure 5-4. Request Block 
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Request Header 


The Request Header’'s fields contain a link to the next Request Block, the 
command, space for a return status, block number and count, and a count of 
the Scatter/Gather Descriptor structures for two Scatter/Gather structures. 
The header is 12 bytes in length. 


Figure 5-5 shows the Request Header. 


es 0 


Next Request Offset 
(Word) 


Command Return Error Code 


(Byte) 


Block Number 


Block Count 
(Word) 


S/G Count #1 S/G Count #2 
(Byte) (Byte) 


Figure 5-5. Request Header 
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Next Request Offset 


The Command List has a variable number of Request Blocks. In order to quickly and 
efficiently process the list of variable length Request Blocks, there is a link to 
the next Request Block. The Next Request Offset gives an offset in bytes from the 
current Request Block to the next Request Block. This field makes a Command List 
a linked list of Request Blocks. The last Request Block has a value of 0000h in 
the Next Request Offset to signify the end of the list. It is possible to have 
Space between Request Blocks for use by the operating system device driver. The 
larger the space, the longer it takes the 32-Bit IDA Controller to transfer the 
Command List into its local memory. 


Command 


The Command is a value encoded field which specifies the function of the Request 
Block and implies the format of the parameter list. The available commands are 
covered in the ‘Commands’ section of this chapter. 


Return Error Code 


If an error is encountered while servicing a Request Block, an error code will be 
placed in this field to identify the error. It is important to note that this 
field will be untouched if an error is not encountered. In order to properly 
Signal an error, the device driver must initialize this field to zero (0). A 
zero value will signify that no error has occurred. If an error occurs during 
processing of any Request Block within a Command List, an Error Flag in the 
Command Complete List Status, which is returned at the time of Command List 
Complete Notification, will be set. 
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There are three types of errors that can be reported. Errors that cause the 
Request Block not to be completed are fatal errors. Errors which can be recovered 
from by fault tolerance or retries are nonfatal so the Request Block will be 
completed. If a Request Block is not completed due to an error elsewhere in the 
Command List, this bit will be set to show that this Request Block was never 
finished. Error codes are defined in Table 5-6. 


Table 5-6. Error Codes 


Error Type Code 
Invalid Request 10h 
Aborted O8h 
Fatal Error 04h 
NonFatal Error 02h 


Block Number 

The Block Number, which is being accessed on a Logical Drive is represented by 

a dword quantity to support large storage capabilities. This field is only valid 
for those commands which directly transfer data. 


Block Count 


The Block Count specifies the number of sequential blocks to transfer to or from 
the Logical Drive. The count is represented by a word quantity. 
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Scatter/Gather Descriptor Counts 


Commands are able to perform sophisticated Scatter/Gather operations on the data 
used by that command. I/0 operations can perform these scatter/gather operations 
upon sequential blocks on a Logical Drive. There can be two Scatter/Gather 
Descriptor structures specified in one Request Block. Read commands can operate 
on two Scatter/Gather Descriptor structures. If the second Scatter/Gather 
Descriptor count is zero, then the second structure doesn t exist and takes up no 
room. The Scatter/Gather descriptor count specifies how many descriptor elements 
are in the structure. The structures are located directly after the Request 
Header with no intervening space between elements. The second structure, if it 
exists, resides directly after the first structure. 


Scatter/Gather Descriptors 


Each descriptor entry in the Scatter/Gather structure is an address and length in 
bytes of a data buffer. <All] of the commands use the Scatter/Gather structure to 
determine the system memory transfer address. 


Figure 5-6 shows the Scatter/Gather Descriptor. 


31 0 
Buffer Length (Dword) 
Buffer Address (Dword) 


Figure 5-6. Scatter/Gather Descriptor 


Each field is represented by a dword quantity, thus each Scatter/Gather Descriptor 
is two dwords in length. 
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Commands 
The commands supported by the IDA Controller perform I/0, identification, 
and configuration operations. Table 5-7 lists the commands supported by 


the IDA Controller. 


Table 5-7. Commands 


Command Code 
Identify Logical Drives 10h 
Identify Controller Lih 
Identify Logical Drive Status L2h 
Read 20h 
Write 30h 
Sense Configuration 50h 
Set Configuration 51h 
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Identify Logical Drives (10h) 


The Identify Logical Drives buffer is used to identify the defined Logical Drives. 
It returns information in a 28-byte buffer. If a specified Logical Drive is not 
defined, Block length and Number of Blocks for that Logical Drive will be returned 
as zero values. 


NOTE: Block Count of 1 must be specified in Request Block. 
Figure 5-/ shows the Identify Logical Drives buffer. 


/ 0 


Block Length 
(Word) 


Number of Blocks 
(Dword) 


Logical Drive 
Parameter Table 
(16 Bytes) 


Type of 
Fault Tolerance 


(1 Byte) 


Reserved 
(S Bytes) 


Figure 5-7. Identify Logical Drives Buffer 
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Identify Controller (11h 


The Identify Controller buffer is used to identify the configuration of the 
32-Bit IDA Controller. It returns information in a 256-byte buffer. It is 
primarily used to return the number of Logical Drives that are defined. 


NOTE: A Block Count of 1 must be specified in Request Block. 
Figure 5-8 shows the Identify Controller buffer. 


/ 0 


Number of 
Logical Drives 


(1 Byte) 


Configuration 


Signature 
(Dword) 


Firmware Revision 
in ASCII 
(4 Bytes) 


Reserved 
(247 Bytes) 


Figure 5-8. Identify Controller Buffer 
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Identify Logical Drive Status (12h 


The Identify Logical Drive Status command is used to indicate the status of 
a Logical Drive. Possible values that will be returned are: 


O- Logical Drive operable 

l1- Logical Drive failure 

2- Logical Drive needs to be configured 

3- Logical Drive is operating in regenerate mode 

4- Logical Drive is ready to start Recover process 

o- Logical Drive will resume Recover process after a power-off 


NOTE: A Block Count of 1 must be specified in Request Block. 
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Drive Failure Assignment Map 


The Drive Failure Assignment Map indicates which drive or drives have failed in 
the drive array. Bits <0../> represent the eight fixed disk drives of the drive 
array. Each bit that is set to a 1 represents a failed drive. 


Figure 5-9 shows the Identify Logical Drive Status buffer and the Drive Failure 


Assignment Map. 


/ 0 
Logical Drive 
Status 
(1 Byte) 


Drive Failure 


Assignment Map 
(4 Bytes) 


Reserved 
(251 Bytes) 


Figure 5-9. Identify Logical Drive Status Buffer and Drive Failure 
Assignment Map 
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1/O Commands 


The I/0 commands are able to perform sophisticated Scatter/Gather operations on 
sequential blocks of data on the disk. 


The Scatter/Gather Descriptor structure is used to transfer data directly between 
the 32-Bit IDA Controller and several buffers in system memory. The descriptor 
structure can specify buffer addresses and buffer lengths for data to be 
transferred. The buffer lengths must be equal to the number of bytes transferred. 


An invalid list condition results if the sum of the buffer lengths does not equal 
the number of bytes transferred. 


Read (20h) 


The Read command transfers sequential block(s) of data from the disk into buffers 
in system memory. Two Scatter/Gather Descriptor structures are available to 
specify dual destinations of the data. There is a way to specify only partial 
block transfers. If a buffer address of OFFFFFFFFh (NULL) is given, this applies 
to the Read command only. NULL generates an error for Write operations. For 
example, if 100 bytes at an offset of 50 bytes from a sector beginning are 
requested, the descriptor structure would have three entries like the 

following Table 5-8. 


Table 5-8. Descriptor Structure 


Length Address Comment 

50 OFFFFFFFFh Skip to offset of requested bytes 
100 Onnnnnnnnh Transfer data 

362 OPFFEPPEPA Skip rest of block 


Total = 512 bytes = 1 block 


Write (30h) 


The Write command transfers data from system memory and writes it to a sequential 
block on the drive array. A Null] Scatter/Gather Descriptor applies to Read 
commands only. 
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Configuration 
Sense Configuration (50h) returns the configuration of the 32-Bit IDA Controller 
in a buffer. Set Configuration (51h) sets the configuration of the 32-Bit 
IDA Controller. 


Refer to Figure 5-10 for the Set/Sense Configuration buffer. 


Configuration Signature 
The Configuration Signature is supplied by the COMPAQ EISA CONFIGURATION utility 
(calculated based on the system time and date), and is written to the reserve 
sector(s) on each physical drive. The Configuration Signature is used by the 


32-Bit IDA Controller firmware to reliably identify that a physical drive is a 
member of a configured drive array. 


Standard Interface Configuration 
This value indicates whether the Standard Interface has been configured to be 
primary, secondary, or disabled. 

Operating System Configuration 
This value indicates which operating system was specified using the 
configuration process. 


Total Number of Physical Drives 


This value indicates the total number of physical drives detected by the 
COMPAQ EISA CONFIGURATION utility. 
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Number of Physical Drives 
in Logical Drive 


This value indicates the number of physical drives assigned to this Logical Drive 
by the COMPAQ EISA CONFIGURATION utility. 


Fault Tolerance Type 


This value indicates the type of Fault Tolerance (data guard/mirroring/without ) 
assigned to this Logical Drive by the COMPAQ EISA CONFIGURATION utility. 


Q = without 
1 = mirroring 
2 = data guard 


Physical Drive 
Drive Parameter Table 


This value indicates the Physical Drive Parameter Table entry information as 


supplied by the COMPAQ EISA CONFIGURATION utility. This information is provided 
by the configuration utility. 


Logical Drive 

Drive Parameter Table 
The Logical Drive Parameter Table entry contains information as supplied by the 
COMPAQ EISA CONFIGURATION utility. This information should have been calculated 


by the utility, based on the physical drive parameters and the operating 
system used. 


Drive Assignment Map 


Bit map showing which physical drives are assigned to this logical drive. 
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Figure 5-10 shows the Set/Sense Configuration buffer. 


15 0 


Configuration Signature 
(Dword) 
S| Configuration 
(1 Word) 


Operating System 


Configuration 
(1 Word) 


Number of Physical Drives 
(1 Word) 


Number of Physical Drives 
in Logical Drive 
(1 Word) 


Fault Tolerance Type 
(1 Word) 


Physical Drive 
Drive Parameter Table 
(16 Bytes) 


Logical Drive 
Drive Parameter Table 
(16 Bytes) 


Drive Assignment Map 
(Dword) 


Reserved 
(6 Bytes) 


Figure 5-10. Set/Sense Configuration Buffer 
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Bus Master 
Command Protocol 


The Bus Master Command Set has many powerful features that require an efficient 
method to communicate between the system processor and the I/0 processor on the 
32-Bit IDA Controller. 


The Bus Master Interface Mailbox registers consist of 16 consecutive byte length 
I/O locations. These registers are used to provide two channels of communication 
between the system processor and the 32-Bit IDA Controller. One channel is used 
to submit Command Lists to the 32-Bit IDA Controller. The second channel is used 
to notify the system processor about completion or error status of a command list. 
Both the channels are unidirectional. The BMIC has two I/O locations dedicated to 
causing interrupts. One I/O port interrupts the I/O processor on the 32-Bit IDA 
Controller, the other interrupts the system processor. These two I/0 ports are 
the Local and System Doorbell Status registers. 


Channels 


The channel that is used to submit the command lists to the 32-Bit IDA Controller 
also sends the length of the command list, in bytes, and a Tag ID used to identify 
the command list. The length informs the controller how many bytes to transfer 
into its local memory so it can process the Command List. 


Tag ID 


The Tag ID is for use by the operating system device driver on the system 
processor to keep track of multiple command lists. It does not affect the 
processing of the Command List by the operating system device driver. The channel 
that returns Command List completion and error notifications returns the address 
of the command list, an offset pointer to the request block that generated the 
notification, and the Tag ID. The two channels are addressed as follows. 


LR a EEE 


COMPAQ Peripherals Technical Reference Guide 


Figure 5-11 shows the Command List Submit Channel. 


/ 0 


(ZC90h) Command List Address 
(Dword) 


(ZC94h) Command List Length 
(Word) 


(ZC96h) Reserved 
(Byte) 


(ZC97h) Tag ID 
(Byte) 


NOTE: 


board is located. 


Figure 5-11. Command List Submit Channel 
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The “z used in the addresses above indicate the EISA slot in which the 
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Command List 
Submit Channel 


When a new command list is to be sent to the 32-Bit IDA Controller, the system 
processor checks if the channel is clear. If the channel is busy, the system 
processor can poll, waiting for the channel to clear, or it can unmask the Channel 
Clear interrupt so that it will be interrupted when the 32-Bit IDA Controller 
clears the channel. The procedure to pass a new command list to the Bus Master 
interface is as follows: 


system Processor 


BEGIN 
INPUT system doorbell register 
TEST channel clear bit 
IF channel clear THEN 
RESET channel clear bit 
OUTPUT command list address field 
OUTPUT command list length field 
OUTPUT command list Tag ID field 
SET channel busy bit 
ELSE 
EITHER: 
POLL channel clear bit 
WHEN channel clear bit is set 
RESET channel clear bit 
OUTPUT command list address field 
OUTPUT command list length field 
OUTPUT command list Tag ID field 
SET channel busy bit 
OR: 
QUEUE request 
UNMASK channel clear interrupt bit 
WHEN channel clear interrupt occurs 
RESET channel clear bit 
UNQUEUE request 
OUTPUT command list address field 
OUTPUT command list length field 
OUTPUT command list Tag ID field 
IF queue is empty THEN 
MASK channel clear interrupt bit 
SET channel busy bit 
END 
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. Figure 5-12 shows the Command List Complete Channel. 
] 0 
(ZC98h) Command List Address 
(Dword) 
(zC9Ch) Request Block Offset 
(Word) 
(ZC9Eh) List Status 
(Byte) 
(ZC9OFh) 
wy 


NOTE: The ‘“z' used in the addresses above indicates the EISA slot in which the 
board is located. 


Figure 5-12. Command List Complete Channel 
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List Status 


The list status returned at time of notification is simply a logical OR of all 
completed request blocks’ return status. If any of the completed requests had a 
fatal or recoverable error, it would be flagged in the list status. The list 
status doesn't provide any indication of which request block had the error or if 
more than one request block had the same error. It is up to the device driver to 
scan the Command List looking for the error(s). The other feature of the list 
status is the Command List completion bit. This bit is set only after all request 
blocks have been completed or aborted in the Command List. 


List Status 
BIT 
76543210 
L_ 1 = Command List Completed 

0 = Command List not complete 
1 = NonFatal Error od 
QO = NonFatal Error did not occur 
1 = Fatal Error 
QO = Fatal Error did not occur 
1 = Abort 
O = Abort did not occur 
Reserved 
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Command List 
Complete/Error Channel 


The 32-Bit IDA Controller's command set allows the system processor to be notified 
upon the completion of a Command List, individual request block, or in the event 
of an error. The Command List complete/error channel returns the address of the 
Command List, the offset of the request block which generated the notification, 
and the list status at the time of the notification. 


Handling of complete/error notifications should include the fol lowing: 
SYSTEM PROCESSOR 


BEGIN 
INPUT complete/error command list address 
INPUT complete/error request block offset 
INPUT complete/error command list status 
INPUT complete/error command list Tag ID 
RESET channel busy bit 
SET channel clear bit 
IF request block offset == 0000h THEN 
PROCESS command list completed 
ELSE 
request block = command list address + request block offset 
IF request block error code !=0 THEN 
ERROR in request block 
BLOE 
PROCESS request block 
TEST command list status for command list completed 
IF SET THEN 
PROCESS command list completed 
END 
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System Doorbell Interrupt Register (ZC8Fh) (Read/Write 


BIT 
76543210 


L_ Command List Complete Notification 


Command List Submit Channel Clear 


Reserved 


Local Doorbell Interrupt Register (zZC8Dh) (Read/Write 


BIT 
76543210 


= Command List Submit 


Command List Complete Channel Clear 


Reserved 


NOTE: The "z" used in the above addresses indicates the EISA slot in which 
the board is located. 
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5.12 STANDARD 
INTERFACE 
PROGRAMMING 


The internal register and commands used with the Standard Interface are compatible 
with existing fixed disk drive controllers and operating system fixed disk drive 
device drivers. 


Registers 


Refer to Table 5-9 for a list of Standard Interface registers and I/0 addresses. 


Table 5-9. Standard Interface Registers and I/O Addresses 
1/0 Address 


Primary Secondary R/W Register 

LFOh 170h R/W Data 

LFIh 171h R Error 

LF2h 172h R/W Sector Count 

LF3h 173h R/W Sector Number 
1F4h 174h R/W Cylinder Low 

1F5h 175h R/W Cylinder High 
LF6h 176h R/W Drive Select/Head 
LF7h 177h R Status 

LF/7h 177h W Command 

3F6h 376h R Alternate Status 
3F6h 376h W Control 

3F7h 377h W Not used for fixed disk drive 
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Data (1FOh/170h) 


All data to the fixed disk drive controller must pass through the Data register. 
The Data register is also the port to which the sector table is transferred during 
format commands. All transfers are high-speed 16-bit I/0 operations. 


Error (1F1h/171h) (Read Only) 

The Error register contains error status from the last command executed by the 
fixed disk drive controller. The contents of this register are valid: 

= When the error bit is set in the Status register 


=» When the fixed disk drive controller has completed execution of its 
internal diagnostics 


The contents of the Error register are interpreted as a diagnostic status byte 
after the execution of a diagnostic command or when the system is initialized. 


The format of the Error register byte is shown below. 


BIT 
76543210 


- 


= The data address mark has not been found after finding 
the correct ID field. 


1 = Track 0 has not been found during a Recalibrate command. 


1 = The requested command has been aborted because the fixed 
disk drive status is invalid or because the command code 
is invalid. 


Reserved 

1 = The requested sector ID field could not be found. 
Reserved 

1 = A non-correctable data error has occurred. 


1 = A bad-block mark was detected in the requested sector 
ID field. 
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sector Count (1F2h/172h) 


The Sector Count register defines either the number of sectors of data to be read 
or written or the number of sectors per track for format commands. If the value 
in this register is zero, a count of 256 sectors is specified. The sector count 
is decremented as each sector is accessed. The Sector Count register contains the 
number of sectors left to access when an error occurs in a multisector operation. 


During the Initialize Drive Parameters command, the Sector Count register contains 
the number of sectors per track. 


Sector Number (1F3h/173h) 


The Sector Number register contains the starting sector number for any fixed disk 
drive access. 


BIT 
~ 76543210 


Starting sector number 


At the completion of each sector and at the end of the command, this register is 


updated to reflect the last sector correctly read/written or the sector on which 
an error occurred. 
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Cylinder Low and Cylinder High (1F4h/174h and 1F5h/175h) 


The Cylinder Low and Cylinder High registers contain the starting cylinder number 
for any fixed disk drive access. 


The Cylinder Low register is for the least-significant 8 bits of the ll-bit 
cylinder number. The three most-significant bits of the cylinder number, bits 
<10..8> should be loaded into the Cylinder High register. Bit <2> of the Cylinder 
High register is the most-significant bit of the ll-bit cylinder address. At the 
completion of a command, these registers are updated to reflect the current 
cylinder number. 


Cylinder Low register: 


BIT 
76543210 
Lititit| Least-significant 8 bits of 11-bit cylinder number 


Cylinder High register: 


BIT 
76543210 
Most-significant 3 bits of 11-bit cylinder number 


Reserved 
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Drive Select/Head (1F6h/176h) 


This register contains the parameters defined below: 


BIT 
76543210 


Head select number 


0000 = 0 1000 = 8 

0001 = 1 1001 = 9 

O010 = 2 1010 = 10 
OO1ll = 3 1011 = ll 
0100 = 4 1100 = 12 
Olll = 5 1101 = 13 
O110 = 6 1110 = 14 
Olll = /7 Illl = 15 


Drive select 
OQ = Logical Drive 
1 = Logical Drive 2 


-— 


Reserved = 101 
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Status (1F7h/177h) (Read Onl 


This register contains the fixed disk drive controller and fixed disk drive 
status. The contents of this register are updated at the completion of each 
command. If the Busy bit is set, no other bits are valid. Reading this register 
clears the hardware interrupt line, IRQ14. 


BIT 
Vekecnee 


= Error has been detected. Examine Error register and the 
other bits in this register to determine the source. 
Drive INDEX- signal is active 
A correctable data error has occurred and has been corrected. 
This condition does not terminate a multisector 
read operation. 

1 = Data request--the controller is ready for a byte- or 
word-length data transfer. Verify the state of this bit 
before a data transfer. 

1 = Drive SEEK COMPLETE- signal is active (see note) 

1 = Drive WRITE FAULT- signal is active (see note) 

1 = Drive READY- signal is active (see note) 


1 = Controller is busy executing a command. Other fixed 
disk drive controller register contents are not valid until 
this bit is reset (=0). 


-—> 
| 


-_— b—— 
| | 


NOTE: When an error exists, the state of the bits does not change until the 
error is read by the system. 
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The 8-bit code written to this register gives the drive the command that the 
system processor is requesting. Command execution begins immediately after this 
register is written. A list of executable commands with the command codes and 
necessary parameters for each command is shown in Table 5-10. 


Table 5-10. Command Codes and Parameters 


Command 

Name BIT: /7 
Initialize Drive Parameters 1 
Seek ¢ 
Recalibrate 0 
Read Sector(s) 0 
Write Sector(s) 0 
Read Verify Sector(s) 0 
Format Track 0 
Execute Drive Diagnostics i 
Identify Drive l 
Read Sector Buffer 1 


Comman 


6 
0 
l 
0 
0 
0 
l 
l 
0 
l 
l 


Write Sector Buffer et 
LEGEND: PC is the Write Precompensation register 


SC is the Sector Count register 


3. 
0 
it 
0 
I 
l 
0 
0 
0 
l 
l 
l 


SN is the Sector Number register 


CY is the Cylinder register 
DH is the Drive/Head register 


4 
l 
] 
1 
0 
i 
0 
l 
i 
0 
0 


0 


d 
3 
0 
X 
X 
0 
0 
0 
0 
0 
it 
0 


l 


Code Parameters Used 
2 10 PC SC SN CY DH 
0:0 I N Y N NY 
X X X N AN N YY 
X X X N N N NOD 
00OR N Y YY YY 
00OR yr « Yy Yo 
OOdOR N Y YY Y 
00 0 Y Y¥ NN YY 
00 0 N N N NOD 
1 0 0 N N N NOD 
100 N N N NOD 
00 0 N N N NOD 


R is the retry bit; if 0, retries are enabled, 


if 1, retries are disabled 


Y indicates the register contains a valid parameter; 
for the Drive/Head register, Y means both the drive and 
head parameters are both used 
N indicates the register does not contain a valid parameter for command 
D indicates drive parameter is valid 


X don t care 


nnn nnnnnn nn ccc cc TTT aaa... 
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Alternate Status (3F6h/376h) (Read Onl 


The contents of this register are the same as the Status register. Reading this 
register does not clear any hardware conditions. 


BIT 


76543210 
Error has been detected--examine the Error register and the 


as 7 = 
other register bits to determine source. 
INDEX- signal is active. 
= A correctable data error has occurred and has been corrected. 
This condition does not terminate a multisector 
read operation. 

1 = Data request--the controller is ready for a byte- or 
word-length data transfer. Verify the state of this bit 
before a data transfer. 

I = SEEK COMPLETE- signal is active. 

I = WRITE FAULT- signal is active. 

= READY- signal is active. 


Controller is busy (executing a command). The contents of the 
other registers are not valid until this bit is reset (=0). 


— 
| 


-— -— 
l] 


— p—> 
II 
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Drive control (3F6h/376h) (Write Only) 


The Drive Control register defines several functions of the fixed disk 
drive controller. 


BIT 
76543210 

L_ Reserved 
OQ = Enables SI interrupts 
1 = Disables interrupts 
1 = Resets the SI interface 
0 = Enables the SI interface 
Reserved 


rN EE ee te nn ee ey 
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Commands 


A command is issued to the controller by loading the pertinent registers with the 
needed parameters, enabling the fixed disk drive control interrupt, and then 
writing the command code to the Command register. Command execution begins when 
a command is written to the Command register (1F7h). 


Table 5-11 lists the Standard Interface commands. 


Table 5-11. Standard Interface Commands 


Command 

Initialize Drive Parameters 
Seek 

Recalibrate 

Read Sectors with retries 
Write Sectors with retries 
Verify Sectors with retries 
Format Track 

Execute Controller Diagnostic 
Identify 

Read Buffer 

Write Buffer 
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Value 

Sih 

7xh 

Ixh 

20h (without retries 21h) 
30h (without retries 31h) 
40h (without retries 41h) 
50h 

90h 

ECh 

E4h 

E8h 
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Initialize Drive Parameters (91h) 


This command will return error free completion without changing any of the 

SI parameters. The cylinder, head, and sector parameters are set during the 
drive array configuration. Since the drive is being configured for a certain 
Supported drive type, there is no need to support translation of different 
drive parameters. 


Seek (7xh) 


The Seek command is not applicable to a drive array. If this command is issued to 
the SI, it will return status as if it had been completed successfully. The SI 
will set the ready and seek complete bits in the Status register. 


Recalibrate (1xh) 


The Recalibrate command is not applicable to a drive array. If this command is 
issued to the SI, it will return status as if it had been completed successfully. 
The SI will set the ready and seek complete bits in the Status register. 


a NN a ee | 
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Read Sectors (20h or 21h) 


The Read Sectors command reads from 1 to 256 sectors as specified in the Sector 
Count register, beginning at the specified sector. If the fixed disk drive is not 
already on the requested track, an implied seek is performed to position heads on 
the target track. 


After the data field is read, the sector read is finished with either no error, a 
correctable data error, or a noncorrectable data error, depending on whether or 
not the ECC bytes are correct for the preceding data field. 


If an error occurs during a multisector read, the read terminates at the sector 
where the error occurs. The system processor may then read the registers and 
determine what error has occurred and on which sector. If the error was a 
noncorrectable data error, the flawed data are still returned to the system. 


Write Sectors (30h or 31h) 


The Write Sectors command writes from 1 to 256 sectors of data, as specified in 
the Sector Count register, beginning at the specified sector. If the fixed disk 
drive is not already on the requested track, an implied seek is performed. 


The controller will write the specified cylinder, head, and sector with the data 
loaded in the transfer. If an error occurs during a multiple sector write, the 

write terminates at the sector where the error occurs. The system processor may 
then read the registers, determine what error has occurred, and on which sector. 
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Verify Sectors (40h or 41h 


This command is identical to the Read Sectors command, except that no data are 
transferred back to the system and no Read Long operations are permitted. The 
read procedure described in the Read command is followed and any errors 
encountered are reported to the system. 


This command executes retries the same as the Read command does, whether enabled 
(40h), or disabled (41h). 


Format Track (50h) 


This command formats the track specified by the head and cylinder parameters in 
the cylinder high and cylinder low registers. Once the command is issued, a 
sector table is output to the Data register, and additional bytes should be loaded 
into the buffer until it is full (512 bytes). If the fixed disk drive is not 
already on the specified track, an implied Seek is performed. 


The sector table transferred to the controller is not applicable for the drive 
array; however, the controller still accepts the sector table for compatibility 
reasons. The controller will write the specified track with data consisting 

of zeros. 


Execute Diagnostic (90h) 


The Execute Controller Diagnostic command is not applicable for the drive array. 
The controller will return good status for compatibility reasons. The results are 
reported in the Error register immediately after execution of the command. The 
value in the Error register should be viewed as a unique 8-bit code and not as the 
Single-bit flags previously defined. 


im eg ee rn OO eee 
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Identify (ECh) 


The Identify command allows the system processor to receive parameter information 
from the drive. When the command is issued, the controller gets the parameters 
from the drive, stores them in the sector buffer, sets the DRQ bit in the Status 
register, and allows the system processor to read the information out of the 
sector buffer. The parameter words in the buffer are described in Table 5-12. 


Table 5-12. Identify Command Parameter Words 
Word Contents 

0 General configuration 

1 Number of fixed cylinders 

2 Reserved 

3 Number of heads 

4 Number of unformatted bytes per track 


5 Number of unformatted bytes per sector 

6 Number of sectors per track 

/ Number of bytes in the intersector gaps 

8 Number of bytes in the sync fields 

9 Number of words vendor unique status 

10--19 Serial number (20 ASCII characters, 0 = not specified) 
20 Controller type: 


0000 not specified 

0001 single ported single sector buffer 

0003 dual ported multiple sector buffer with a look-ahead-read 
0004 #£=SI on drive array controller 

ALL OTHERS ARE RESERVED 


21 Controller buffer length in 512-byte increments (0 = not specified) 
22 Number of ECC bytes passed on read/write long commands 

(0 = not specified) 
15 1 does not support R/W Long 


0 does support R/W Long 


23--26 Controller firmware revision (8 ASCII characters, 0 = not specified) 


27--46 Model number (40 ASCII characters, 0 = not specified) 
47--255 Reserved 


Le a 
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Read Buffer (E4h) 


The Read Buffer command allows the system processor to read the current contents 
of the controller's sector buffer. When this command is issued, the controller 
goes busy, sets up the sector buffer for a read operation, sets the Data Request 
bit (DRQ), and goes not busy. The system processor can then read as many as 512 
bytes of data. 


Write Buffer (E8h) 


The Write Buffer command allows the system processor to overwrite the contents of 
the controller's sector buffer with any data pattern desired. When this command 
is issued, the controller goes busy, sets up the sector buffer for a write 
operation, sets the DRQ bit, and goes busy. The system processor can then write 
as many as 5l2 bytes of data. 


COMPAQ Peripherals Technical Reference Guide 


_ 5-58 section 1 Mass Storage 


Error Reporting 


The errors that are valid for each command are defined in Table 5-13. 


Table 5-13. Error Reporting 


Command BB UD ID AC TZ AM NR WF SC CD ER 
Initialize Drive Parameters Se | | 
Seek ~ = eee UY UY - 
Recalibrate Se re 
Read Sectors - V Vo - - - V - ¥V - V 
Write Sectors - = Voo- = = Vo Vo Vo-  YV 
Verify Sectors - Vo Vo- = = Voo- Vo- Vv 
Format Track - V- - - Voi Vo Voo-  Y 
Execute Controller Diagnostic -— = Y 
Identify = = = = = =— VY = VY = & 
Read Buffer - ae 
Write Buffer — ee 
Invalid Command Code - = = Yoo -e = = = - = ¥ 
Legend: 

BB = Bad block detected SC = Disk drive seek complete 
UD = An uncorrectable data error not detected 

ID = Requested ID not found CD = A corrected data error 

AC = An aborted command error ER = The error bit in the 

TZ = Track O not found error Status register 

AM = Data Address Mark not found V = Indicates that this error 
NR = Disk drive not ready detected type is valid for this 

WF = Disk drive write fault detected command 
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2400-BAUD INTERNAL MODEM 


1.7 


INTRODUCTION 


The 2400-Baud Internal Modem is a Hayes-compatible device that uses standard Bel] 
and CCITT protocols and speeds. Information contained in this chapter can be used 
as a programming reference in developing software to allow communication between a 
COMPAQ personal computer and other computer services. The information can also be 
used to help determine the appropriate configurations and settings when using the 
2400-Baud Internal Modem existing communications software. 


The 2400-Baud Internal Modem is compatible with the following standard protocols 
and speeds: 


= Bell 103 at 300 bps 

s CCITT V.21 at 300 bps 

= Bell 212A at 1200 bps 

» CCITT V.22 1200 bps (asynchronous) 

» CCITT V.22 bis at 2400 bps (asynchronous) 


This chapter contains the following information about the 2400-Baud Internal 
Modem. The numbers indicate the subsection in which the indicated topic 
is discussed: 


= Modem commands and result codes [1.2] 

= Modem Operation registers [1.3] 

= Modem programming information [1.4] 

= Universal Asynchronous Receiver/Transmitter (UART) registers [1.5] 


= Modem connectors [1.6] 
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Functional Description 


The modem connects to the system board via a 62-pin industry standard board edge 
connector. This connection provides signals to and from the system board, as well 
as power to the modem. Al] signals are CMOS level. 


The modem is functionally equivalent to a Hayes internal modem. The UART of the 
internal modem is compatible with the National Semiconductor NS16C450 UART used on 
COM adapters. 


Once the modem is installed in the computer and connected to a telephone line, 
turning on the system unit power switch resets and automatically configures 

the modem for operation. For proper modem communications to occur, purchased 
communications software must first write a valid setup sequence to the modem UART. 
This sequence must include a selection of the following parameters: 


= Baud rate: 300, 1200, or 2400 


= Format: /7 or 8 data bits, start bits, stop bits - odd, even, or no parity 


The 2400-Baud Internal Modem utilizes the Hayes AT command set for computer/modem 
communications. This command set allows the 2400-Baud Internal Modem to be 
configured through software and thus eliminates setting hardware switches. 


At power-on or modem reset, the modem goes into the command state and interprets 
the AT commands sent to it from the UART. These commands are used to configure, 
establish, and control a connection with a remote modem. 


When a connection is successfully made, the modem goes into the online state. 

In this state, data, rather than AT commands, are passed to the remote computer. 
The modem remains in the online state until an escape code is received; receipt of 
this code causes the modem to revert to the command state. The modem also reverts 
to the command state when the connection is broken by either the internal modem or 
the remote modem. 


Included as part of the AT command set are twenty-eight 8-bit registers 


(0 through 27). The registers store operating instructions for the modem, such as 
timing parameters, counters, and ASCII values for frequent] y-used characters. 
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The Asynchronous Communications Element (ACE) is a Universal Asynchronous 
Receiver/Transmitter (UART) that provides serial/parallel data conversion, as wel] 
as the selection of communication protogol. The modulator/demodulator provides 
the digital to analog (D/A), and analog to digital (A/D) functions as determined 
by the controller, which interprets the AT commands from the ACE. A direct access 
transformer allows connection to a standard two-wire phone line and a phone set. 

A speaker is supplied for monitoring the line status. 


Figure 1-1 shows a block diagram of the modem. 
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Figure 1-1. Block Diagram of 2400-Baud Internal Modem 
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COM1/COM2 Selection 


The modem (or another serial device) can be configured for either of two I/0 
ports, COM1 or COM2, for asynchronous (serial) communications devices, although 
only one device at a time can use COM] or COM2. COM1 and COM2 interrupt requests 
(IRQ) can also be addressed for either the internal modem or another serial 
device. COM2 is the default I/0 port for the 2400-Baud Internal Modem. 


COM1 or COM2 is hardware-selected by a switch on the modem labeled COM 1/2. 


COM1 uses the hex addresses 3F8h through 3FFh and generates an interrupt request 
online IRQ4. COM2 uses hex addresses 2F8h through 2FFh and generates an interrupt 
request on line IRQ3. If you change the I/0 port for the modem, be sure that you 
do not set the modem to occupy a COM port address that is already being used. 


err eee ee a I I IIE I I I TTS TT I FE ES TT I AT EE TO TS NT RL ET 


COMPAQ Peripherals Technical Reference Guide 


Section 2 Communications Devices 1-5 


1.2 MODEM COMMANDS 
AND RESULT CODES 


Hayes-compatible commands and result codes are defined in Table 1-1 and 
Table 1-2, respectively. 


Table 1-1. Modem Commands 


Command Description 

ESCAPE COMMANDS: 

Prefix, 

Repeat/Escape 

AT Attention prefix: precedes all command lines except A/ (repeat) 


and +++ (escape) commands. For command to function, both 


letters of prefix must be in either uppercase or lowercase. 


A/ Repeats last command line. A/ is not preceded by AT or 
followed by pressing the ENTER key. 
+++ Escape code: allows you to go from online state to command 


state (l-second pause before and after escape code entry). +++ 


is not preceded by AT or followed by pressing the ENTER key. } 
SELECTION OF MODE 


OF OPERATION 
COMMANDS : 
BO CCITT V.22 bis (2400 bps) 
CCITT V.22 (1200 bps) 
CCITT V.21 (300 bps) 
B1* Bell 212A (1200 bps) 
Bell 103 (300 bps ) 
DIALING COMMANDS: 
Dn Dial [n = any digits to dial]: 0 - 9 are valid characters for 
pulse (rotary) or tone dialing; A,B,C,D, #, or * are valid 


characters for tone dialing only. 


p* Pulse (rotary dial) 

T Touch-Tone 

. Pause: causes modem to pause for 2 seconds before dialing 

! Flash: used for PABX special features, such as call forwarding 


or call transfer 
@ Wait for silence 
NOTE: * denotes factory setting 
** NVRAM default 


Continued 
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Table 1-1. Continued 


Command Description 
W Wait for second dialtone (often used when dialing through a 


PABX or when using a long distance telephone service) 
: Return to command state after dialin 


R Reverse mode (to call originate-only modem) 

S Dial stored number 

OTHER COMMANDS: 

A Answer call manually without waiting for ring 

EQ Disable command echo; characters not echoed 

*E] Enable command echo; characters echoed 

FQ Responds ERROR 

F1* Full duplex 

HO* On-hook (hang up) 

H1 Off-hook, (request off-hook) 

I0 Request product ID code 

Il Request checksum 

I2 Verify checksum (OK or ERROR) 

I3 Request ROM revision code 

LO, Ll Low speaker volume 

L2* Medium speaker volume 

L3 High speaker volume 

MO Speaker always OFF. 

M1* Speaker ON until carrier detected 

M2 Speaker always ON 

M3 Speaker ON until carrier detected except during dialing 

00 Go to online state 

01 Go online and request retrain 

02* Enable automatic request for retrain 

03 Disable automatic request for retrain 

QO* Result codes displayed 

Q1 Result codes not displayed 

Sr? Requests current value of register r and reports to host; 
r = 0-27 (number of registers) 

Sr=n Assigns a value n to register r 

V0 Numerical result codes 

v1* Word result codes 


NOTE: * denotes factory setting 
** NVRAM default 


Continued 


en ae 
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Command Description 

Xn Result code selection 

X0 Basic result code set (0-4) 

X1 Extended result code set (0-5,10) 

X2 Add dialtone detection (0-6,10) 

X3 Add busy signal detection (0-5,7,10) 

X4* Add dialtone and busy signal detection (0-7,10) 

Y0* Long space disconnect disabled 

al Long space disconnect enabled 

Z Software reset: restores all NVRAM default settings 

&CO* Data Carrier Detect (DCD) always ON 

&C1** DCD ON only when data carrier is present 

&D0* The modem ignores the Data Terminal Ready (DTR) 

&D1 The modem assumes the asynchronous command state if an 
ON-to-OFF transition of DIR is detected. 

&D2** The modem hangs up, assumes the asynchronous command state, 


and disables auto-answer when an ON-to-OFF transition of DTR 
is detected. 


&D3 A modem reset occurs when an ON-to-OFF transition of DITR 
is detected. 

&F Modem loads default configuration from modem ROM firmware 

&G Guard tone selection (CCITT) used for a call from the 
United States/Canada to a European country 

&G0* No guard tone 

&G1 550-Hz guard tone 

&G2 1800-Hz guard tone 

&J Means of connection to telephone network 

&J0* Typical USOC RJ11C telephone jack 

&J1 A/Al lead control; USOC RJ12/RJ13 jack. A/Al1 lead control not 


Supported in hardware; however, the AT command and Operation 


register status bit responds as if it were supported. 


&P Make/break dial pulse ratio selection 

&PO* United States/Canada ratio of 39/61 

&P1 UK/Hong Kong ratio of 33/6/ 

&R Request-To-Send (RTS) and Clear-To-Send selection (CTS) 
&RO* CTS follows RTS; responds with ERROR 

&R1 CTS is always ON (modem ignores RTS); responds with ERROR 


NOTE: * denotes factory setting 
** NVRAM default 


Continued 


Le] 
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Table 1-1. Continued 


Command Description 

&S Data Set Ready (DSR) command 

&S0* DSR always ON 

&S1 DSR complies with RS232C specifications; responds with ERROR 

&T Test command 

&T0O* Terminates any test in progress 

&T1 Starts local analog loopback test 

&T3 Starts local digital loopback test 

&14 The modem grants a request from a remote modem for Remote 
Digital Loopback (RDL) 

&T5 The modem denies a request from a remote modem for RDL 

&T6 Starts RDL test 

&T7 Starts RDL with self-test 

&18 Starts local analog loopback test with self-test 

&W Write (save) active (current) configuration to NVRAM 

&Zn Write (save) telephone number n to NVRAM 


NOTE: * denotes factory setting 
** NVRAM default 


COMPAQ Peripherals Technical Reference Guide 


Section 2 Communications Devices 


Table 1-2. Modem Command Result Codes 


Code Command Description 
0 OK Command line executed without error 
1 CONNECT Connected at 300 bps (X1, X2, X3, X4 commands) 
Connected at 300, 1200, or 2400 bps (X0 command) 
2 RING Ringing signal detected 
3 NO CARRIER Carrier signal not detected or lost 
4 ERROR I]legal command, error in command line, command line exceeds 


buffer (40 characters, including punctuation), cannot operate 
at 300 bps in CCITT V.22 mode, invalid character format 
at 1200 bps, invalid checksum 


5 CONNECT Connected at 1200 bps (X1, X2, X3, X4 commands) 
1200 

6 NO Dialtone not detected and subsequent commands not processed 
DIALTONE (X2, X4 commands) 

] BUSY Busy signal detected and subsequent commands not processed 

(X3, X4 commands) 

8 NO Silence not detected and subsequent commands not processed 
ANSWER (@ dial modifier only) 

10 CONNECT Connected at 2400 bps (X1, X2, X3, X4 commands) 
2400 


1-9 


COMPAQ Peripherals Technical Reference Guide 


- 1-10 Section 2 Communications Devices 


1.3 MODEM OPERATION 
REGISTERS 


Included as part of the AT command set are twenty-eight 8-bit registers (0-27) 
referred to as Operation registers. Eight of these registers can be saved into 
NVRAM, so that during power-on or reset, the configuration that the user defines 
is automatically loaded by the modem. Three modem configuration profiles 

can exist: 


= Factory Configuration: This configuration, saved in ROM, sets the modem into a 
state which most communications software can recognize. This configuration can 
become the active configuration by execution of the AT&F command. It can 
become the user configuration by execution of the AT&F&W command. 


= User Configuration: This configuration is the configuration saved in NVRAM. 
The user or the communications software package creates this configuration by 
changing the active configuration and then executing the AT&W command. 


= Active Configuration: This configuration consists of the current modem 
settings during a communication session. It can become the factory 
confiquration if an AT&F command is executed, or it can be the user 
configuration if the settings have not been changed after a reset. 


This section provides general information about viewing the current value of a 
register, changing the current value of one or more registers, and returning all 
registers to their original default settings. This information is followed by 
detailed discussions of the 28 Operation registers. 


Each register is assigned a default value at power-on and at modem reset. 
The value of a register is expressed as a string of ASCII characters. However, 
some communication software may have to convert the ASCII values into hexadecimal 


or other common notation when using the internal registers (and UART registers). 


NOTE: All register commands are preceded by typing the letters AT. 
All register commands are terminated by pressing the ENTER key. 
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Viewing the Current Value 
of a Register 


To see the current value of a register, type: 
ATr? 
and press the ENTER key. 


The current decimal value of the specified register (r) is displayed in ASCII. 


Viewing the Current Values 
of More Than One Register 


The values of several registers can be shown with one command. For example, to 
view the current decimal values in registers 0 and 7, type: 


AT0?7? 
and press the ENTER key. 


The ASCII value stored in each register specified is displayed in order. For 
example, the display shown in response to the command issued above might be: 


001 
030 


This display indicates that 001 is stored in register 0 and 030 is stored in 
register /. 
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Changing the Value of 
a Register 


To change the current value of a register, the command ATr=n can be used, where 
(r) equals the register number and (n) equals the value to be entered in the 
register. For example, to enter 030 in register 7, type: 


AT7=030 


and press the ENTER key. The valid values for n vary with the 
individual register. 


Returning to User 
NVRAM Configuration 
To return to the user NVRAM configurations, type: 
ATZ 
and press the ENTER key. 


All registers are returned to the user configuration values. 


NOTE: This command also breaks the connection when the command is issued in 
conjunction with the escape code command (+++) while online. 


To store a programmed value to the user NVRAM configuration, type: 


AT&W 
and press the ENTER key. 


Returning to Original 
Factory Configuration 


To return to the original factory configuration, type: 


AT&F 
and press the ENTER key. 
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Register Descriptions 


This section provides complete information on all 28 operation registers. 
Registers 0 through 12, 18, 25, and 26 can be set by the user. Registers 14, 16, 
21 through 23, and 27 are bit mapped and merely reflect parameters that have been 
set for the modem. 


The registers described in this section are: 


#» Q - Ring to answer on » 15 - Reserved 

# 1 - Ring count =» 16 - Bit mapped 
m 2 - Escape code character = 1/7 - Reserved 

=» 3 - Carriage return =» 18 - Test timer 
= 4 - Line-feed character = 19 - Reserved 

=» 5 - Backspace character » 20 - Reserved 

=» 6 - Wait for dialtone = 21 - Bit mapped 
= 7 - Wait for carrier after dialing » 22 - Bit mapped 
=» 8 - Pause time for comma » 23 - Bit mapped 
=» 9 - Carrier detect response time » 24 - Reserved 

=» 10 - Delay between carrier loss and hang up » 25 - Delay to data 


terminal ready 


= 11 - Dual-tone multi-frequency (DTMF) =» 26 - RTS to CTS 
dialing speed (DTR) delay 
= 12 - Escape code guard time = 2/ - Bit mapped 


=m 13 - Reserved 


= 14 - Bit mapped 
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0 - Ring to Answer On 


Register 0 determines the number of times the telephone rings before the internal 
modem automatically answers the call. 


Value Range: 0 through 255 (number of rings) 
Default: 00 (the modem does not answer at all) 


If register 0 is set at the default (0), the internal modem does NOT automatically 
answer the telephone. 


When register 0 is set to a number greater than ‘0, the interna) modem answers 
the telephone automatically (auto-answer) on the ring specified. 


1 - Ring Count 


Register 1 is a read-only register which works with register 0 to track the number 
of times the telephone rings. 


Value Range: 0 through 8 (number of rings) 
Default: 00 (the modem does not answer at all) 


When register 1 is a value greater than ‘0, and no ring occurs for eight seconds, 
the register reverts to the default of zero rings. 
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2 - Escape Code Character 
Register 2 holds the ASCII value of the escape command. 
Value Range: 0 through 127 (ASCII) 


Default: 43 


If you are echoing remote modem commands, it is possible that your modem can be 
put into the command state accidentally while receiving a signal. This situation 
can be avoided by changing the value of your escape code. 


NOTE: Do not enter a value greater than 127. A value greater than 127 
completely disables the escape command; that is, the modem does not 
recognize any commands, including the hang-up (HO) command. This 
Situation would prevent you from breaking the connection, and you would 
be forced to wait for the other modem to disconnect. 


3 - Carriage Return 


Register 3 holds the ASCII value that is transmitted to signify the end of line 
when you press the ENTER key. 


Value Range: 0 through 127 (ASCII) 
Default: 13 


The end-of-line character terminates both the command line and the result code. 
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4 -lineFeed Character __ 


Register 4 holds the ASCII value that is transmitted to signify a line feed when 
you press the ENTER key. 


Range Value: 0 through 127 (ASCII) 


Default: 10 

If you do not want a line-feed character, set the value at '0."° When result codes 
are displayed as words, the line-feed character is output after you press the 
ENTER key. 


0 - Backspace Character 

Register 5 holds the ASCII value of the backspace character. 
Value Range: 0 through 127 (ASCII) 

Default: 08 


The backspace character acts as both the BACKSPACE key and the character to move 
the cursor back one space. The BACKSPACE key is echoed back to the computer and 
is followed by an ASCII space character and a second backspace character (three 
characters in all). Because the time required to process a backspace character 
is the same as the time required by the modem to transmit three characters, a 
repeat-key function may not work properly on backspaces. 
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6 - Wait For Dialtone 


Register 6 controls the amount of time (delay) the modem waits to dial after the 
phone is picked up. 


Value Range: 2 through 255 (seconds) 

Default: 02 

This delay allows the telephone system time to detect the off-hook condition and 
for the dialtone to come on. This feature allows you to increase the delay if a 
dialtone does not occur within two seconds. If you set register 6 for less than 
two seconds, the modem still] waits two seconds before dialing. 

Register 6 is used only if X-codes X0, Xl, or X3 are selected. Do not set 
register 6 if you have selected codes X2 or X4, which enable dialtone detection 


and disable blind dialing, as these X-codes override the register 6 setting. 


Register 6 does not control the W (Wait for Dialtone) command. 


7 - Wait For Carrier After Dialing 


Register 7 controls the number of seconds the internal modem waits for an 
answering modem's carrier signal after dialing. 


Value Range: 1 through 255 (seconds) 
Default: 30 


If the internal modem does not detect a carrier within 30 seconds (default), it 
hangs up and sends the NO CARRIER result code. 


Register 7 also controls the number of seconds the internal modem waits for a 
dialtone after the W (Wait for Dialtone) command is issued, before hanging up and 
sending the NO DIALTONE (issued as two words) result code. 


1-1/7 
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8 - Pause Time for Comma 


Register 8 determines the number of seconds the pause (generated by the , 
(comma) dial modifier) lasts. 


Value Range: 0 through 255 (seconds) 


Default: 02 


9 - Carrier Detect Response Time 


Register 9 determines the length of time that a carrier signal must be present for 
the internal modem to recognize the signal and to send a carrier detect tone. 


Value Range: 1 through 255 (0.1 through 25.5 seconds) 
Default: 06 (0.6 second) 


This feature safeguards against the modem mistaking a busy signal or a ring for a 
carrier signal. 


The value range and default for register 9 represent 0.1 (1/10) second increments. 


The higher the value, the easier the internal modem detects a carrier signal 
without error. 
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10 - Delay Between Carrier Loss and Hang-Up 


Register 10 allows you to set the amount of time that elapses after a remote modem 
carrier signal is lost before the internal modem disconnects. 


Value Range: 1 through 255 (0.1 through 25.5 seconds) 


Default: 14 (1.4 seconds) 


Setting the delay time allows the carrier to disappear momentarily without causing 
the internal modem to disconnect. 


The value range for register 10 represents 0.1 (1/10) second increments. If your 
line has a lot of static, set register 10 for a value greater than 1.4. Setting 
register 10 to 255, causes the modem to ignore actual carrier status and to 
function as though a carrier were constantly present. 


NOTE: If the value in register 10 is set for less than the value of register 9, 
even a momentary loss of carrier signal causes the internal modem to 
disconnect. This occurs because the end of the delay period (before the 
modem disconnects) is reached before the carrier signal is detected. 


11 - Dual-Tone Multifrequency (DTMF) Dialing Speed 


Register 11 sets the duration and spacing of touch tones in DIMF dialing. 
Value Range: 50 through 255 (.05 through .255 second) 
Default: 95 milliseconds 


The value range and default for register 11 represent 0.001 (1/1000) second 
increments. The default dialing speed settings give the equivalent of 7.14 digits 
per second. The minimum length of time for reliable dialing is 50 milliseconds, 
or 10 digits per second. A maximum of 255 milliseconds slows dialing speed to 1.9 
digits per second. 


NOTE: Setting register 11 has no effect on pulse dialing speed, which is 10.5 
pulses per second in the United States/Canada and 10.3 pulses per second 
outside the United States/Canada. 


COMPAQ Peripherals Technical Reference Guide 


_ 1-20 Section 2 Communications Devices 


12 - Escape Code Guard Time 


Register 12 controls the escape code guard time. The escape code guard time is 
the time delay required before and after entering escape code characters. 


Value Range: 0, 20 through 255 (0, 0.4 through 5.1 seconds} 

Default: 50 (1 second) 

The guard time also determines how quickly you must enter the escape code 
characters. The interval between each of the (three) escape code characters must 
be less than the guard time; otherwise, the escape code is not recognized. 

The value range and default for register 12 represent 0.02 (1/50) second 


increments. To instruct the modem to disregard guard time entirely when 
recognizing the escape code, set the guard time to zero. 


13 - Reserved 


This register is reserved. 
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14 - Bit Mapped 


Register 14 for the 2400-baud internal modem is defined as follows: 


BIT 
76543210 
L— Reserved 
QO = Local echo disabled 
1 = Local echo enabled (default) (see E command) 
0 = Result codes enabled (default) 
1 = Result codes disabled (see Q command) 
QO = Numeric result codes as digits 
1 = Result codes as words (default) (see V command) 
QO = Modem will receive commands and send result codes to 


data terminal equipment (smart mode) (default) 


1 = Modem will ignore commands and not send result codes 
(dumb mode) (not used) 

0 = Tone dial (see T command) 

1 = Pulse dialing (see P command) (default) 

Reserved 

O = Answer (see A, D, R commands) 

1 = Originate (default) 


/\ CAUTION: Writing to register 14 may cause unpredictable results. 


15 - Reserved 


This register is reserved. 


COMPAQ Peripherals Technical Reference Guide 


_ 1-22 Section 2 Communications Devices 


16 - Bit Mapped 


This register controls the modem testing features for the 2400-baud modem: 


BIT 
76543210 
L. Analog loopback (local) (see &T1 command) 
= Disabled (default) 
1 = Enabled 
Reserved 


Digital loopback (local) (see &T3 command) 
0 = Disabled (default) 
1 = Enabled 


Reflects whether the internal modem is in remote digital loopback 

(see &T4 and &T5 commands) 

0 = No loopback (default) 

1 = Loopback working - | 


Start a remote digital loopback (see &T6 command) 
0 = Disabled (default) 
1 = Enabled 


Start a remote digital loopback with test message and error count 
(see &T7 command) 

Disabled (default) 

1 = Enabled 


Local analog loopback (see &T8 command) 
0 = Disabled (default) 
1 = Enabled 


Reserved 


/\ CAUTION: Writing to register 16 may cause unpredictable results. 
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17 - Reserved 
This register is reserved. 
18 - Test Timer 


This register is used to determine the length of time allowed for a modem 
diagnostic test. 


Value Range: 0 through 255 (seconds) 
Default: 0 (disables the register) 


The modem automatically cancels any diagnostic test when the duration of the test 
equals the value selected. 


19 - Reserved 
This register is reserved. 
20 - Reserved 


This register is reserved. 
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21 - Bit Mapped 


This register determines several bit-mapped options, as described in the following 
bit map: 


BIT 
76543210 


L 


Selects jack type (see &J command) 
0 = RJ1IC (default) 
1 = RJ12/RJ13 (not supported in hardware) 


Reserved 
Reserved 


Data Terminal Ready (DTR - see &D command) 
00 = Modem ignores Data Terminal Ready (DTR) (factory default) 


Ol = Modem goes to command state if an ON-to-OFF transition 
occurs on DIR 
10 = Modem hangs up if an ON-to-OFF transition occurs on DTR —_ 


(NVRAM default) 
11 = Modem initializes if an ON-to-OFF transition occurs on DTR 


Data Carrier Detect (DCD) (see &C command) 
= DCD always ON (Factory default) 
1 =A valid data carrier causes DCD to be ON (NVRAM default) 


Reserved 


Long space disconnect (see Y command) 
0 Disabled (default) 
l Enabled 


/\ CAUTION: Writing to register 21 may cause unpredictable results. 
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22 - Bit Mapped 


This register determines several bit-mapped options as described in the following 


bit map: 
BLT 
76543210 
Speaker volume (see L command) 
O01 = Low 
10 = Medium (default) 
11 = High 


Speaker control (see M command) 
O00 = Speaker disabled 


01 = Speaker ON until carrier detected (default) 
10 = Speaker always ON 
11 = Speaker ON until carrier detected, but OFF during dialing 


Result code option (see X command) 
000 = Basic result code set (0-4) 


100 = Extended result code set (0-5) 

101 = Add dialtone detection (0-6,10) 

110 = Add busy signal detection (0-5,7,10} 

111 = Add dialtone and busy signal detection (0-7,10} 


(default) 


Make/break ratio (see &P command) 
0 = 39/61 ratio, United States/Canada (default) 
1 = 33/67 ratio, UK/Hong Kong 


/\ CAUTION: Writing to register 22 may cause unpredictable results. 
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23 - Bit Mapped 


This register determines several bit-mapped options as described in the following 
bit map: 


BIT 
76543210 


; 


Remote modem request for remote digital loopback test 
(see &T4, &T5 commands) 

0 = Disabled 

1 = Enabled (default) 


Speed rates 


00 = 300 bps 

Ol = Reserved 

10 = 1200 bps (default) 
11 = 2400 bps 


Reserved J 


Parity option (see AT command) 


00 = Even 

Ol = Space 

10 = Odd (default) 
11 = Mark/none 


Guard tones (see &G command) 


00 = Disabled (default) 
01 = 550 Hz 

10 = 1800 Hz 

11 = Reserved 


/\ CAUTION: Writing to register 23 may cause unpredictable results. 
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24 - Reserved 


This register is reserved. 


20 - Delay To Data Terminal Ready 

This register detects a change in the Data Terminal Ready (DTR) signal. 
Value Range: 0 through 255 (.05 through 2.55 seconds) 

Default: 5 (.05 second) 

The value range and default for register 9 represent 0.01 (1/100) second 


increments. When the internal modem is in the asynchronous mode, a change in DIR 
(to ON or to OFF) lasting for less than the value of the register is ignored. 


26 - RTS to CTS Delay 

This register sets the delay from request-to-send (RTS) to clear-to-send (CTS). 
Value Range: 0 through 255 (0 through 2.55 seconds) 

Default: 00 


The value range and default for register 26 represent 0.01 (1/100) 
second increments. 
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2/7 - Bit Mapped 


This register determines protocol selection. 


BIT 
76543210 


Reserved 


Protocol selection (see B command) 
QO = CCITT mode 


1 = Bell mode (default) 


Reserved 


/\ CAUTION: Writing to register 27 may cause unpredictable results. 
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1.4 MODEM 
PROGRAMMING 
INFORMATION 


The following information is provided for the computer programmer who has some 
training or experience writing asynchronous communications software. This 
section includes technical details on the local and remote interface parameters, 
sequences of events that occur during calling and answering, and some special 
programming considerations. 


Programming Guidelines 


The foundation of communications software is a program capable of sending ASCII 
characters to a modem through a communication port. 


To ensure compatibility with remote modems and various telephone systems, the 
_— program should implement all commands and functions available in the 


communications software package. This also gives the user complete access to 
all features. 


The internal modem command buffer can hold a maximum of 40 characters. A longer 
command string will not be executed and will return an error message. 


NOTE: Routines that write to bit-mapped Operation registers are not advisable, 
Since writing to these registers can have unpredictable results. 


Software should be able to address the internal modem's UART registers to help 


the modem adapt automatically to incoming calls with various speeds and 
communication protocols. 


Pascal, C, BASIC, or assembly language can be used to develop communications 
software. All of these languages have adequate support for COM1 or COM2 devices. 


LO nnn, nnnn,n cc cn CT LT eae 
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Selecting Interface 
Parameters 


You must establish the parameters that define how the modem communicates with the 
remote computer and your personal computer. These parameters define the remote 
and local interfaces. 


Local 


Local interface parameters influence communication between the internal modem and 
the personal computer. Before any processing, set the local interface parameters 
to ensure that the modem accurately processes commands and result codes. 


ee :;; a 
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Table 1-3 defines the recommended local interface parameters. 


Table 1-3. Local Interface Parameters 


Parameter Description 
EO Disables character echo in command mode, making it easier to read 


result codes and recognize mistakes 
QO Enables result codes 


V1 Displays result codes as words rather than numbers 
X3 Selects extended result code set and informs user of 
connection speed (blind dialing) 
S0=0 Disables auto-answer; setting SOQ greater than or equal to 1 
Causes the modem to answer automatically on that number of rings 
S2=29 Sets escape code character to ASCII 29 (CTRL ]) when originating 
a cal] | 
S$2=28 Sets escape code character to ASCII 28 (CTRL \) when answering 
a call; 


If the two communicating modems do not use different escape codes, 
the software must be designed to handle sudden and unpredictable 
transitions into the command mode 


$3=30 Sets the carriage return character to ASCII 30 (CTRL ~) 
S$4=31 Sets the line-feed character to ASCII 31 (CTRL __); 


Word result codes are preceded and followed by a carriage 
return/line feed, whereas commands and numeric result codes 
are simply followed by pressing the ENTER key; setting 

the carriage return and line feed to infrequent] y-used 
characters better offsets the result codes and commands from 
data on the display 


$12=20 Establishes an escape code guard time, at least two to three times 
greater than the time required to transmit a character at 300 bps 


the lowest transmission speed 


1-31 
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Remote 
Remote interface parameters affect communication between the internal modem and 
the remote computer. Parameters include characteristics of the phone equipment, 
the remote modem, and the remote computer. 
Three sequences of commands are described to illustrate remote interface 
parameters. Software should set these parameters and send them to the modem 


immediately before originating or answering a call. 


Sequence 1 - Preparing to Dial 


Command Description 


ATS6=2 sets time delay before blind dialing 
ATS8=2 (optional) Sets length of pause generated by the comma "," 
dial modifier 
ATS11=70 sets the speed of Touch-Tone dialing 
ATM1 selects speaker mode 
ATD; (required) Causes the modem to go off-hook, wait the time set by 


register 6, and return to the command mode 


If a dialtone is detected within the time specified by register 6, the program 
should proceed with sequence 2 and request a number to dial. Sequence 2 is 
unnecessary if a number to dial is entered after the ATD command instead of the 
semicolon. If so, the number is dialed as soon as the command is entered. The 
program should inform the user when the modem goes of f-hook. 


In sequence 1, the ATD command is the only required command, since the modem 
defaults can be used for the first four parameters. 


Sequence 2 - Dialing 


Command Description 
ATS6=2 (optional) Resets time delay before blind dialing 
ATD (required) Dial command followed by the phone number 


(up to 36 digits) 
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In sequence 2, resetting register 6 to two seconds causes immediate dialing, since 
the modem subtracts an automatic 2-second wait for a dialtone from the value you 
specify for register 6. The modem should dial the number specified by the user, 
and the program should inform the user when the dialing is taking place. 


Sequence 3 - Going Online (Originate or Answer} 


Command Description 

ATM1 Sets the speaker mode 

ATS7=30 (optional ) Sets the wait time for the carrier 

ATS9=6 Sets carrier detect time 

ATS10=7 Sets the maximum loss of carrier that can be tolerated 


without hanging up 
Originating ATS2=290 Sets escape command character to ASCII 29 and issues the 


(required) zero command to complete the connection 
Answering ATS2=28A Sets escape command character to ASCII 28 and issues 
(required) the A command to provide a carrier signal to the 


originating modem 


The software should wait for ‘CONNECT nnnn’ and adjust the baud rate of the UART 
accordingly, or inform the user if NO CARRIER’ is received. 


Programming Example 


The following simple BASIC program shows how to cause the internal modem to dial 
a number: 


10 OPEN “COM2:1200,E,7° AS #1 
20 INPUT ‘Number to dial’ ;A$ 
30 PRINT #1, ATOT A$ 

40 GOTO 20 
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Selecting Valid 
Character Formats 


When developing any communications program for the internal modem, a subroutine 
must be included to indicate to the UART the standard character format you select 
for transmitting commands, result codes, and data. This subroutine should 
consider the rate of data transmission and the maximum word length that can be 
generated by the UART device. 


The character format shown in Figure 1-2 illustrates how asynchronous data 
transmission is performed by the UART. 


CHARACTER TIME GAP NEXT CHARACTER 


aaa 


Siig 
TIME 


Figure 1-2. Asynchronous Data Transmission 


The combination of bits (start, stop, data, and parity) comprising each 
character, determines the format of the commands, result codes, and data 
transferred by the modem. 


ae eee eee 
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Character Format and 
Transmission Rate 


Although the maximum character length generated by the UART is 12 bits, the bit 
combinations processed by the modem are restricted by the transmission speed. 


Valid Formats at 300, 1200, 
and 2400 bps 


If communications at 300, 1200, and 2400 bps are supported, character length is 
10 bits. The following combinations are valid: 


Start Bits Data Bits Parity Stop Bits 
1 ] mark or space l 

| l / even or odd l 

wy l ] none 2 
l 8 none l 


Additional stop bits can be added, but are read as a delay between characters. 


Valid Formats at 300 bps Only 


If your software is designed for 300 bps communications only, character length can 
be 10 or 11 bits. The following additional combinations are valid: 


Start Bits Data Bits Parity Stop Bits 
l 8 even l 
l 8 odd l 


Any additional stop bits are read as a delay between characters. 
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Detecting Transmission Rate 


The settings of the answering modem determine the transmission rate. The AT 
prefix alerts the modem to the communications rate and parity setting of the local 
data terminal equipment. 


When originating a call, the internal modem automatically adopts these parameters 
until another AT is received, or until the power is turned OFF. When answering a 
call, the modem determines the transmission speed from the carrier signal of 

the originating modem. 


Changes in Speed and Format 


Software must monitor changes in the transmission rate of commands and result 
codes from connection to connection. This may cause command and result code rates 
to be different before and after the online connection is made. 


The modem accepts commands and generates result codes at a default rate of 
2400 bps (when first turned on), or at the speed of the previous command, until 
either the internal modem rate is changed or the modem answers a call] at a 
different speed. 


The modem then adjusts to the new transmission rate and subsequent commands, and 
result codes are generated at the new rate. The initial result code of the 
answer-call sequence is generated either at the default rate or at the rate of the 
previous AT command. 


COMPAQ Peripherals Technical Reference Guide 


1.5 


Section 2 Communications Devices 1-3/7 


UART REGISTERS 


UART register values are used by communications software to control] the 
internal modem. 


The UART registers can be addressed either through I/O port COM1 or COM2 
(default), on the COMPAQ personal computer for asynchronous communication. 


Each addressable UART register is described in a separate subsection. The name 
of each subsection gives: 

= The name of the UART register 

=" The register base address (in hexadecimal ) 

= The register designation, either: 


Read/Write 
Read Only 
Write Only 


Each register is defined. The registers do not have to be initialized ina 
particular sequence, except that bit </> of the Line Control register must be set 
to access certain registers. Certain bits and registers function together to 
transfer information. 


The UART registers are: 


= Divisor Latch (least-significant byte) = Line Control 
= Receiver Buffer = Modem Control 
= Transmitter Holding = Line Status 
= Divisor Latch (most-significant byte) = Modem Status 
= Interrupt Enable = Scratch Pad 


= Interrupt Identification 
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Divisor Latch - Least-Significant Byte 2F8h [COM2], 3F8h [COM1 E (Read/Write) 


This register contains the low eight bits of the baud rate divisor (a formula used 
to set the baud rate). 


This register is used with the Divisor Latch - most-significant byte, which is the 
next address - 2F9h [COM2] or 3F9h [COM1]. Together both addresses: 2F8h [COM2] 
or 3F8h [COM1], and 2F9h [COM2] or 3F9h [COM1], must contain the hexadecimal 
equivalent value of the baud rate divisor to set the desired baud rate. 


Use the following hex values for the appropriate baud rate: 


Value Baud Rate 
180h 300 
60h 1200 
30h 2400 


The formula for the divisor is: 
divisor = 115200/baud 


NOTE: To access this register, bit <7> (Divisor Latch) of the Line Control 
register must be logic ‘1.° 


Receiver Buffer - 2F8h [COM2], 3F8h [COM1 |, (Read Only) 


This register contains the character that has just been received. The character 

is received serially. The least-significant bit (bit <0>) is received first. To 
access this register, bit </> (Divisor Latch) of the Line Control register must be 
"0." Data are valid when bit <0> (Data Ready) of the Line Status register is "1." 


Transmitter Holding - 2F8h [COM2], 3F8h [COM1], (Write Only) 


This register is used to load a character that is about to be transmitted. 

Bit <5> (Transmitter Holding Register Empty) of the Line Status register must 
be “1° before loading the next character (see the Line Status register). 

The least-significant bit (bit <0>) is loaded first. To access this register, 
bit <7> (Divisor Latch) of the Line Control register must be "0." 
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Divisor Latch - Most-Significant Byte 2F9h [COM 2], 3F9h [COM1], (Read/Write) 


This register contains the high eight bits of the baud rate divisor (a formula 
used to set the baud rate). 


This register is used with the Divisor Latch - least-significant byte, which 

is at the previous address - 2F8h [COM2], 3F8h [COM1]. Together both addresses, 
2F8h [COM2] or 3F8h [COM1], and 2F9h [COM2] or 3F9h [COM1], must contain the 
hexadecimal equivalent value of the baud rate divisor to set the desired 

baud rate. 


Use the following hexadecimal values for the appropriate baud rate: 


Value Baud Rate 
180h 300 
60h 1200 
30h 2400 


The formula for the divisor is: 
divisor = 115200/baud 


NOTE: To access this register, bit <7> (Divisor Latch) of the Line Control 
register must be logic °1.° 


COMPAQ Peripherals Technical Reference Guide 


_ 1-40 Section 2 Communications Devices 


Interrupt Enable - 2F9h [COM2], 3F9h [COM1], (Read/Write 


This register enables the interrupts to activate the interrupt output signal. 


BIT 
76543210 


L— Enable Received Data Available interrupt (ERBFI) 
1 = Causes the UART to generate an interrupt whenever Data Ready 
of the Line Status register becomes logic ‘1.° 


Enable Transmitter Holding register empty interrupt (ETBEI} 
1 = Causes the UART to generate an interrupt whenever DATA READY 
of the Line Status register becomes logic °1.° 


Enable Receiver Line Status interrupt (ELSI) 

1 = Causes the UART to generate an interrupt whenever an overrun 
error, parity error, framing error, or break interrupt 
occurs; see the Line Status register. 


Enable Modem 

1 = Causes the UART to generate an interrupt whenever Ring 
Indicator or Received Line Signal Detect of the Modem 
Status register becomes a logic ‘1.’ 


Reserved 


NOTE: To access this register, bit <7> (Divisor Latch) of the Line Control 
register must be logic 0." 
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Interrupt Identification - 2FAh [COM2], 3FAh [COM1], (Read Onl 


This register stores information that indicates a pending interrupt and 
its priority. 


The information contained in bits <0>, <l>, and <2> is always available even if 
the interrupt capability has not been enabled by the Interrupt Enable register. 


NOTE: When COM1 or COM2 is selected, the modem automatically adjusts for either 
line. However, for an interrupt to reach the processor, OUT 2 (bit <3> 
of the Modem Control register) must be a logic ‘1, thereby enabling the 
interrupt line. The bits of the Interrupt Enable register must be set 
high (1) to enable the desired interrupt signal, although the interrupt 
sources can be individually activated. 


BIT 
76543210 


Interrupt Pending 
Indicates that an interrupt has occurred 


Interrupt ID 
Indicates the priority of the interrupt as follows: 


BIT 
<2> <1> PRIORITY INTERRUPT SOURCE 
1 1 l Overrun error or parity error or 
(highest } framing error or Break Interrupt 
(see Line Status register} 
1 0 2 Data Ready (see Line Status register) 
O 1 3 Transmit Holding register empty 
(see Line Status register) 
0 Q 4 Ring indicator or received line signal 
(lowest ) detect (see Modem Status register) 
Reserved 
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Line Control - 2FBh [COM2], 3FBh [COM1], (Read/Write) 


The Line Control register specifies character and word formats and controls access 
to other UART registers. 


BIT 
76543210 


Ll select word length as follows: 
Bit 1 Bit Q Word Length 
0 5 bits 
l 6 bits 
0 / bits 
1 8 bits 
Number of stop bits (STB) 
2 per character (1-1/2 for 5-bit words only) 
1 per character 
Parity Enable (PEN) 
1 = Enable parity generation or checking 
0 = Disable parity generation or checking 
Parity Select (EPS) 
1 = Even parity 
QO = Odd parity 
If even parity is set, bit <3> (Parity Enable) must be a 
logic “1.” 
Stick Parity 
1 = Set 
0 = Not set (bit <3> must be a logic 1° to enable Stick Parity) 
Set Break 
1 = Cause modem to transmit a continuous break signal 


— — C) CE 


oO — 
Hom 


QO = Stop break signal 


Divisor Latch (DLAB) 

1 = Enable access to divisor latches of the baud rate 
generator during a read/write operation 

QO = Enable access to the Transmit Holding register, Receiver 
Buffer register, and Interrupt Enable register 
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Modem Control - 2FCh [COM2], 3FCh [COM1], (Read/Write 


This register manages the interface between the internal modem and the 
COMPAQ personal computer. 


BIT 


76543210 
L_ 


Data Terminal Ready (DTR) 

1 = Enable modem operation; a required setting 

0 = Disable modem (the modem neither accepts commands nor 
auto-answers; if online, the modem disconnects) 


Request-to-Send (RTS) 
Unused by the modem; setting irrelevant 


Output 1 (OUT 1) 

1 = Reset the modem (power OFF/power ON) 

0 = The setting for normal operation; after a reset, write a 0" 
to clear this bit 


Output 2 (OUT 2) 

1 = Enable the interrupt line drivers; allows the UART to 
interrupt the computer 

0 = Disable the interrupt line drivers 


LOOP 

1 = Activate the loopback feature for diagnostic testing of 
the UART 

QO = The setting for normal operation 


Reserved 
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Line Status - 2FDh [COM2], 3FDh [COM1], (Read Only) (Bit <O>, Read/Write 


This register provides status information about data transfer and associated 
error conditions. 


BIT 
76543210 


Data Ready (DR) 

1 = Indicates a character has been received in Receiver Buffer 
register; is reset to 0 when data are read or by writing 
"0" to this bit under program control; writing a 1. has 
unpredictable results 


Overrun Error (0E) 

1 = Indicates character in Receiver Buffer register was not 
read before next character received; the previous character 
deleted; bit is reset to “0° whenever Line Status register 
is read 


Parity Error (PE) 

1 = Indicates parity of character received does not match 
specified EPS Line Control register; reset to '0 whenever 
Line Status register is read 


Framing Error (FE) 
1 = Indicates character received lacks valid stop bit; 
is reset to 0 whenever Line Status register is read 


Break Interrupt (BI} 

1 = Indicates break signal received; does not indicate when 
break signal ends; reset to 0° whenever Line Status register 
is read 


Transmitter Holding Register Empty (DATA READY) 

1 = Indicates UART is ready to accept a new character for 
transmission; reset to ‘0° when Transmitter Holding register 
is loaded 


Transmitter Shift Register Empty (TRSE}) 

1 = Indicates last character in Transmitter Shift register has 
been transmitted; reset to 0 when data has been transferred 
from Transmitter Holding register to Transmitter 
Shift register 


Reserved 
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Modem Status - 2FEh [COM2], 3FEh [COM1], (Read Onl 


The register provides the current status of control signals from the modem. When 
either bit <2> or bit <3> is a logic -1,. a modem status interrupt is generated, 
if the interrupt is enabled. 


BIT 
76543210 


- 


Delta Clear to Send (DCTS) 
unused by the modem; always 0 


Delta Data Set Ready (DDSR) 
unused by the modem; always 0 


Trailing Edge Ring Indicator (TERI) 

1 = Indicates that the ring-indicator bit (bit <6>) has changed 
from logic 1 to 0; is reset to ‘0° when the Modem Status 
register is read 


Delta Received Line Signal Detect (DRLSD) 
1 = Indicates that the received line signal] detect has changed 
states; is reset to 0° when the Modem Status register is read 


Clear to Send (CTS) 
unused by the modem; always 1° 


Data Set Ready (DSR) 
unused by the modem; always 1° 


Ring Indicator (RI} 
1 = Indicates that the modem detects a ringing signal on the 
telephone line 


Received Line Signal Detect (RLSD) 
1 = Indicates that the modem detects a carrier signal on the 
telephone line 
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Scratch Pad - 2FFh [COM2], 3FFh [COM1], (Read/Write) 
The Scratch Pad register is an additional Modem register that can store one byte 


in bits </..0>. The byte has no effect on the UART or the internal modem, but can 
be used as a scratch pad for software. 


1.6 MODEM CONNECTORS 


The internal modem interfaces with a COMPAQ personal computer through an ISA 


62-pin edge connector. Two RJll-type jacks are provided for connection to a phone 
line and phone set. 
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ASYNCHRONOUS COMMUNICATIONS/ 
PARALLEL PRINTER BOARD 


2.1 


INTRODUCTION 


The Asynchronous Communications/Parallel Printer (ACPP) Board is an option 
available from Compaq Computer Corporation. It supplies one asynchronous 
communications port as well as one parallel printer communications port. For 
personal computers that include asynchronous and parallel ports on the system 
board, the ACPP board provides two additional communications ports. 


The asynchronous communications function of the ACPP board provides a serial 
interface at standard baud rates up to 19200 baud. This interface is compatible 
with Electronic Industries Association (EIA) RS232-C protocol, and can be 
connected either to another Data Terminal Equipment (DTE) device, a Data 
Communication Equipment (DCE) device, such as a modem, or to a pointing device, 
such as a mouse. 


The parallel port function of the ACPP board provides a Transistor-Transistor 
Logic (TTL) interface for connection with a printer. The ACPP board is designed 
to be installed in either a full- or half-sized 8-bit Industry Standard 
Architecture (ISA) slot. 
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Figure 2-1 shows the component layout for the ACPP board. 
9—Pin Asynchronous Interface 


SW. Switch Bank 


E1 Jumper 


~ 900 a A 

=F 

ct 0 a gp M10) 
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Asynchronous 
Communications 
Element 


2o—-Pin Parallel Printer Interface 


Figure 2-1. Component Layout for the Asynchronous Communications/ 
Parallel Printer (ACPP) Board 
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Figure 2-2 shows the functional block diagram for the board. 
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Figure 2-2. ACPP Board Functional Block Diagram 
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2.2 ASYNCHRONOUS 
COMMUNICATIONS 
FUNCTION 


The core of the asynchronous communications function is an Asynchronous 
Communications Element (ACE). This device converts parallel data from the 
system board to a serial format for output to an asynchronous device. It also 
performs the reverse function, changing data received in a serial format to a 
parallel format. 


The ACE is I/O-mapped, beginning at addresses 3F8h (COM1) or 2F8h (COM2). 

The ACE registers associated with the COM1/COM2 addresses control] the asynchronous 
communication function. DIP switch (SW1) switches 5 and 6 determine the COM1/COM2 
selection by enabling access to registers associated with either COM1 or COM2. 

The asynchronous communications function can also be disabled (SW1, switch 1), 

if desired. 


Table 2-1 lists the ACE registers, their functions and addresses, and the required 
SW1 settings. 


Table 2-1. ACE Registers 


Address Read/Write Register Function SW1 Switch Setting 
2F8h R/W COM2 Divisor Latch LSB 
(with DLA bit = 1) (note) 5=O0FF 6=ON 
2F8h R COM2 Received Data 
(with DLA bit = 0) (note) " 
2F8h W COM2 Transmit Data 
(with DLA bit = 0) (note) " 
2F9h R/W COM2 Divisor Latch MSB 
(with DLA bit = 1) (note) " 
2F9h R/W COM2 Interrupt Enable 
(with DLA bit = 0) (note) i 
2FAh R COM2 Interrupt ID " 
2FAh W COM2 Reserved . 
2FBh R/W COM2 Line Control " 


NOTE: The DLA bit is in the Line Control register. This bit must be set (=1) 
to access the divisor latches and reset (=0) to access the Data and the 
Interrupt Enable registers. 


Continued 
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Table 2-1. Continued 


Address Read/Write Register Function SW1 Switch Setting 
2FCh R/W COM2 Modem Control 
2FDh R COM2 Line Status 7 
2FEh R COM2 Modem Status " 
2FFh R/W COM2 Scratch 5=OFF 6=O0N 
3F8h R/W COM1 Divisor Latch LSB 
(with DLA bit = 1) (note) 5=0N 6=O0N 
3F8h R COM1 Received Data 
(with DLA bit = 0) (note) 5=0N 6=0N 
3F8h W COM1 Transmit Data 
(with DLA bit = 0) (note) " 
3F9h R/W COM1 Divisor Latch MSB 
(with DLA bit = 1) (note) ° 
3F9h R/W COM1 Interrupt Enable 
(with DLA bit = 0) (note) " 
3FAh R COM1 Interrupt ID 7 
3FAh W COM1 Reserved " 
3FBh R/W COM1 Line Control 7 
3FCh R/W COM1 Modem Control " 
3FDh R COM1 Line Status " 
3FEh R COM1 Modem Status " 
3FFh R/W COM1 Scratch . 


NOTE: The DLA bit is in the Line Control register. This bit must be set (=1) 
to access the divisor latches and reset (=0) to access the Data and the 
Interrupt Enable registers. 


eu i ee Ne ny 
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The following paragraphs discuss the functions of the ACE registers. 


ACE Receiver Buffer or Transmitter Holding 


‘This register contains the byte just received or the next byte to be transmitted 
by the ACE. 


ACE Baud Rate Divisor Latch 


The ACE device contains a built-in baud rate generator that divides the input 
clock (1.8432 MHz) by a divisor to create a desired baud rate or asynchronous 
transmission frequency. The divisor is found according to the equation: 


Divisor = 1843200/(desired baud rate x 16) 
Table 2-2 shows the baud rate and desired divisor value. 


Table 2-2. Baud Rate and 
Divisor Value 


Baud Rate Divisor 
110 1047 
150 168 

300 384 

600 192 
1200 96 

2400 48 

4800 24 

9600 12 
19200 6 


Setting bit <7> (=l1) enables the first two I/0 addresses of the Line Control 
register as the addresses for the least- and most-significant bytes of the 16-bit 
baud rate divisor. The divisor latch should be loaded with the hexadecimal 
equivalent of the desired divisor value shown in the table above. 
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ACE Interrupt Enable 


The bits of this register enable as many as four interrupt sources. The register 


format is as follows: 


BIT 
76543210 
lL 1 = Received Data Available interrupt enabled 
1 = Transmitter Holding register empty interrupt enabled 
1 = Received Line Status interrupt enabled 
1 = Modem Status interrupt enabled 
Reserved 


ACE Interrupt ID 


When a hardware interrupt occurs, the system searches for the device sending the 
interrupt and the reason for that interrupt. 


This register contains one bit that flags the ACE as the source of the interrupt 
and two bits that specify the reason for the interrupt. The ACE interrupts are 
prioritized with the lowest priority interrupt first. To clear the interrupt, 
read the contents of the register shown. 


BIT 
76543210 
L_o = Interrupt is pending (This device sent an interrupt.) 

00 = Modem Status register (Clear-To-Send, Data Set Ready, Ring 
Indicator, or Carrier Detect) 

Ol = Transmitter Holding register empty 

10 = Received Data Available 

11 = Received Line Status register (Overrun Error, Parity Error, 
Framing Error, or Break) 

Reserved 


Yast | 
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ACE Line Control 


This register specifies the asynchronous data transmission format. 


BIT 
76543210 
Ll Word length (in bits) 
00 = 5 
01 = 6 
10 = 7 
ll = 8 
Stop bit 
= ] 
1 =2 
1 = Parity bit enabled 
Parity 
0 = Odd 
1 = Even 
1 = Stick Parity (with even parity enabled, the parity 


bit becomes active low) 


1 = Break control bit (forces the SOUT signal low) 

QO = Enable Receiver Buffer/Transmitter Holding registers and 
Interrupt Enable register access 

1 = Enable Divisor Latch access to write baud rate divisor 
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ACE Modem Control 


This register controls the modem interface lines. 


BIT 
76543210 


= DIR- signal active 


| oP 


= RTS- signal active 
Reserved 
1 = Enable asynchronous port interrupts 


l 


Enable internal loopback 


Reserved 


ACE Line Status (Read Onl 


This register contains the status of the current data transfer. 


BIT 
76543210 
| lL 1 = A character is in the Data register to be read 
1 


= Qverrun error -- data lost 
1 = Parity error 
= Framing error 
= A Break interrupt has occurred 


= Transmitter Holding register is empty, ready for character 


p> -— -—> p—> 


= Transmitter Holding register and Transmitter Shift register 
are empty 


Reserved 
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ACE Modem Status (Read Onl 


This register contains the status of the modem interface lines. 


BIT 
76543210 
| L_ 1 = CTS- has changed state since last read by the system 
1 


= DSR- has changed state since last read by the system 
1 = RI- has changed state since last read by the system 
= DCD- has changed state since last read by the system 
= CTS- signal active 
DSR- signal active 


= RI- signal active 


pub -— > -—> pond 
i 


= DCD- signal active 


ACE Reserved 


This register is not used currently. 
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PARALLEL PRINTER 
FUNCTION 


The parallel printer function includes circuits that provide an interface between 
the personal computer and a printer. These circuits are I/0-mapped at one of 
three locations, depending on whether the LPT1, LPT2, or LPT3 port is selected by 
DIP SW1 (switches 3 and 4). The printer port can also be disabled by these 
switches so that another printer controller can be used. 


Before printing, the system must select the printer for output (via the Printer 
Control register). For each byte sent to the computer, the system: 


1. Checks the Printer Status register. If the BUSY, PAPER END, or ERROR- 
(printer fault) signals are active, the system either waits until the status 
changes or displays an error message. (For a complete listing of error 
messages, refer to Appendix A, ‘Error Messages and Codes.’ ) 


2. Sends a byte of data to the Printer Data register, then pulses the printer 
STROBE- signal (through the Printer Control register) for 500 ns or longer. 


3. Monitors the Printer Status register for acknowledgment of the data byte 
before sending the next byte. 


In addition to DATA lines to the printer, the parallel printer function uses 
several lines that control] printer functions. Data transfer and printer functions 
are controlled by writing to, or reading from the Parallel Printer registers. 
Access to these registers is determined by switches 3 and 4 of SwW1. 
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Table 2-3 lists the Parallel Printer registers, their addresses and functions. 


Table 2-3. Parallel Printer Registers 
Address Read/Write Register Function SWl Switch setting 


278h 
279h 
279h 
27Ah 
27Bh 
378h 
379h 
379h 
37Ah 
37Bh 
3BCh 
3BDh 
3BDh 
3BEh 
3BFh 


R/W 
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LPT3 
LPT3 
LPT3 
LPT3 
LPT3 
LPT2 
LPT2 
LPT2 
LPT2 
LPT2 
LPT1 
LPT1 
LPT 1 
LPT1 
LPT1 


Data 
Status 
Reserved 
Control] 
Reserved 
Data 
Status 
Reserved 
Control 
Reserved 
Data 
Status 
Reserved 
Control 
Reserved 


3=0N 


4=0FF 
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The following paragraphs discuss the Parallel Printer registers. 
Printer Data 
Each byte written to the Printer Data register (read or write) is latched into a 


Loopback register and is sent to the printer. The register contents can be read 
back (for test purposes). 


Printer Status (Read Only) 


This register contains the current printer status. 


BIT 
76543210 


Lit Reserved 
0 Printer error 


Printer selected (on line) 


= Qut of paper 


Printer acknowledges correct receipt of data byte 


>) © — — 
i 


= Printer busy 
Printer Control 


This register selects the printer for output, strobes the data into the printer, 
and performs other printer control functions. 


BIT 
76543210 


= Printer strobe 


= Printer auto line feed 


Printer select 


l 
l 
0 = Initialize printer 
1 
1 


= Enable interrupt 


Reserved 
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2.4 SWITCHES, JUMPERS, 
AND CONNECTORS 


This section describes the switch and jumper settings on the ACPP board. For the 

location of the switch, jumper, and connectors of the ACPP board, see Figure 2-1. 
Switches 

The ACPP board has one DIP switch (SW1) with six switches. 


Table 2-4 lists the switch settings and their functions for the 
Asynchronous Communications/Parallel Printer board. 


Table 2-4. ACPP Board Switch settings 


Switch Function 
5,6 Asynchronous Port Select: 
5 = ON 6 = ON -- COM1 selected 
5 = OFF 6 = ON -- COM2 selected 
5 = ON 6 = OFF~ -- Reserved 
5 = OFF 6 = OFF -- Reserved 
3,4 Printer Port Select: 
3 = ON 4 = ON -- LPTl selected 
3 = OFF 4 = ON -- LPT2 selected 
3 = ON 42 0FF- -- LPT3 selected 
3 = OFF 4 = OFF - -- LPT disabled 
2 Asynchronous Port Disable: 
2 = ON -- Enabled 
2 = OFF -- Disabled 
1 Always OFF 
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Jumper Et 


Jumper £1 is enabled when switches 3 and 4 of SW1 are ON and OFF, respectively. 
When enabled, E1 allows the selection of IRQ5 or IRQ7 for printer port LPT3 


as follows: 

Pins Connected Printer Port Select 

1-2 IRQ5 selected 

2-3 IRQ7 selected 
Connectors 


The board connector is designed to fit in an ISA 8-bit expansion slot. The cable 
connectors are industry standard D-types; a 9-pin male for the asynchronous 
interface, and a 25-pin female for the parallel interface. The cable connectors 
are shown in Figure 2-3 and Figure 2-4, respectively. 


Asynchronous Communications Interface Connector 


Pin Signal 

l Carrier Detect 

2 Receive Data 

3 Transmit Data 

4 Data Term Ready 
5 Signal Ground 

6 Data Set Ground 
/ Request to Send 
8 Clear-to-Send 

9 Ring Indicator 


Figure 2-3. Asynchronous Communications Interface 9-Pin Connector 
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Parallel Interface Connector 


Pin Signal 
l Strobe 
2 Data bit <0> 
3 Data bit <l> 
oe hetera he he he be noah ee 
<3j> 
OO 0 Ae. 0 pene OOOO, 6 a - <4> 
/ Data bit <5> 
8 Data bit <6> 
g Data bit </> 
10 Acknow| edge 
11 Busy 
12 Paper End 
13 Select 
14 Auto Line Feed 
15 Error 
16 Initialize Printer 


17 Select In 

18 Signal Ground 
19 Signal Ground 
20 Signal Ground 
21 Signal Ground 
22 Signal Ground 
23 Signal Ground 
24 Signal Ground 
25 Signal Ground 


iN a NA SIT ST ARN a Ra Ng a ae EE ES ES BE ge TNT ae ECE SE EN 


Figure 2-4. Parallel Printer Interface 25-Pin Connector 
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Compaq Computer Corporation 
LIMITED WARRANTY 


Products Covered and Duration of Warranty 


This Limited Warranty applies to Products manufactured by Compaq Computer Corporation 
(Compaq) or distributed by Compaq under the COMPAQ brand name. 


Consult the attachment to this Limited Warranty for the group and warranty period 
that applies to the Product you purchased. Consult your Authorized COMPAQ Computer 
Dealer or Compaq if you have any questions about the Products covered or the duration 
of the warranty. 


Terms of the Warranty 


Compaq warrants that the Product you have purchased from Compaq or from an Authorized 
COMPAQ Computer Dealer is free from defects in materials or workmanship under normal 
use during the warranty period. The warranty period commences on the date of 
purchase. Your sales receipt, showing the date of purchase of the Product and the 
name of the Authorized COMPAQ Computer Dealer you purchased the Product from, is your 
proof of the date of purchase. This warranty extends only to you, the original 
Purchaser. It is not transferable to anyone who subsequently purchases the Product 
from you. It excludes expendable parts. 


During the warranty period, Compag will, at no additional charge, repair or replace 
defective parts with new parts or,at the option of Compaq, serviceable used parts that 
are equivalent to new in performance. All exchanged parts and Products replaced under 
this warranty will become the property of Compaq. If, after repeated efforts, Compaq 
is unable to restore the Product to good working order, you may claim the purchase 
price of the Product. 


This Limited Warranty does not extend to any Product not purchased from Compaq or from 
an Authorized COMPAQ Computer Dealer. This Limited Warranty also does not extend to 
any Product that has been damaged or rendered defective (a) as a result of accident, 
misuse, or abuse; (b) by the use of parts not manufactured or sold by Compaq; (c) by 
modification of the Product: or (d) as a result of service by anyone other than 
Compaq, an Authorized COMPAQ Computer Dealer, or an Authorized COMPAQ Computer 
Warranty Service Provider. 


Sg EXCEPT AS EXPRESSLY SET FORTH IN THIS WARRANTY, COMPAQ MAKES NO OTHER WARRANTIES, 
EXPRESS OR IMPLIED, INCLUDING ANY IMPLIED WARRANTIES OF MERCHANTABILITY AND FITNESS 
FOR A PARTICULAR PURPOSE. COMPAQ EXPRESSLY DISCLAIMS ALL WARRANTIES NOT STATED IN 
THIS LIMITED WARRANTY. ANY IMPLIED WARRANTIES THAT MAY BE IMPOSED BY LAW ARE LIMITED 
TO THE TERMS OF THIS EXPRESS LIMITED WARRANTY. 
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How to Make a Warranty Claim 
To make a warranty claim, you must: 


1. Provide any Authorized COMPAQ Computer Dealer, Compaq, or a participating 
Authorized COMPAQ Computer Warranty Service Provider with proof of the date 
of purchase. 

2. Return the Product to an Authorized COMPAQ Computer Dealer, Compaq, or a 
participating Authorized COMPAQ Computer Warranty Service Provider. You must 
prepay any shipping charges. In addition, you are responsible for insuring 
any Product shipped or returned. Under this warranty, you assume the risk 
of loss during shipping. 


You may request information on how to obtain warranty service by contacting any 
Authorized COMPAQ Computer Dealer. (Call 1-800-231-0900, toll free, from anywhere in 
the 48 contiguous United States, Alaska, and Hawaii for the location of the nearest 
Authorized COMPAQ Computer Dealer. You also may request information on how to obtain 
warranty service by writing: 


Compaq Computer Corporation 
Customer Relations Department 
P.O. Box 692000 
Houston, Texas 77269-2000 


Limitation of Remedy 


Compaq is not liable for any damages caused by the Product or the failure of the 
Product to perform, including any lost profits, lost savings, incidental damages, or 
consequential damages. Compaq is not liable for any claim made by a third party or 
made by you for a third party. 


This limitation applies whether damages are sought, or a claim made, under this 
warranty or as a tort claim (including negligence and strict product liability), a 
contract claim, or any other claim. This limitation cannot be waived or amended by 
any person. This limitation of liability will be effective even if Compaq or an 
authorized representative of Compaq has been advised by you of the possibility of any 
such damages. This limitation of liability, however, will not apply to claims for 
personal injury. 


State Laws 


some states do not allow limitations on how long an implied warranty lasts. In such 
states, the limitations or exclusions of this Limited Warranty may not apply to you. 


some states do not allow the exclusion or limitation of incidental or consequential 
damages for consumer products. In such states, the exclusions or limitations of this 
Limited Warranty may not apply to you. 


This Limited Warranty gives you specific legal rights. You may also have other rights 
that may vary from state to state. You are advised to consult applicable state laws 
for a full determination of your rights. 
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Compaq Computer Corporation 
Limited Warranty 


Attachment 


The warranty group and warranty period applicable to the Product you purchased is 
specified in the table below: 


a 
Warranty Included Warranty 
Group Products Period 
Group A COMPAQ Portable, COMPAQ PLUS, COMPAQ DESKPRO, 90 Days 


8-MHz COMPAQ DESKPRO 286, COMPAQ PORTABLE 286, 
COMPAQ PORTABLE II, COMPAQ Dual-Mode Monitor, 
all options and spare parts other than those listed 
in Group B when installed in the COMPAQ Portable, 
COMPAQ PLUS, COMPAQ DESKPRO, 8-MHz COMPAQ DESKPRO 286, 
COMPAQ PORTABLE 286, COMPAQ PORTABLE I1 

Group B 12-MHz COMPAQ DESKPRO 286, COMPAQ DESKPRO 386, 1 Year 
COMPAQ PORTABLE III, COMPAQ PORTABLE 386, 
COMPAQ DESKPRO 386/20, COMPAQ DESKPRO 386/25, 
COMPAQ DESKPRO 386s, COMPAQ DESKPRO 386/20e, 
COMPAQ SLT/286, COMPAQ DESKPRO 286e, 
COMPAQ DESKPRO 386/33, COMPAQ Enhanced Color Graphics 
Board, COMPAQ Color Monitor, COMPAQ Video Graphics Color 
Monitor, COMPAQ Video Graphics Monochrome Monitor, 
COMPAQ Video Graphics Controller Board, 
300-/600-Megabyte Fixed Disk Drive Expansion Unit 
Advanced Graphics Color Monitor, 


Advanced Graphics 1024 Board, Fixed Disk Expansion Unit 
Group C All options and spare parts other than the 90 Days 
COMPAQ Dual-Mode Monitor and those listed in Group B to 1 Year* 
when installed in the 12-MHz COMPAQ DESKPRO 286, 
COMPAQ DESKPRO 386, COMPAQ PORTABLE III, 
COMPAQ PORTABLE 386, COMPAQ DESKPRO 386/20, 
COMPAQ DESKPRO 386/25, COMPAQ DESKPRO 386s, 
COMPAQ DESKPRO 386/20e, COMPAQ SLT/286, 
COMPAQ DESKPRO 286e, COMPAQ DESKPRO 386/33 
—_ *The warranty period for Group C Products is the longer of (a) ninety (90) days 
from the date of purchase of the Group C Product or (b) the remainder of any 


warranty period on the Product in which the Group C Product is installed. 


Consult your Authorized COMPAQ Computer Dealer or Compaq if you have any questions 
about the Products covered or the duration of the warranty. 
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MONITORS 


1.1 INTRODUCTION 


Three monitors are available from Compaq: the COMPAQ Video Graphics Color Monitor, 
COMPAQ Video Graphics Monochrome Monitor, and Advanced Graphics Color Monitor. 


For more information on the Advanced Graphics Color Monitor please refer to the 
Advanced Graphics System Technical Reference Guide. 


The VGA color and VGA monochrome monitors have analog video inputs and operate in 
conjunction with the built-in COMPAQ Video Graphics Controller (VGC). The number of 
colors or shades of grey are defined by the graphics controller. 


A self-test feature of the VGA color and VGA monochrome monitors causes the screen 
to illuminate to an internally preset level that is clearly visible. This level is 
irrespective of control settings when the monitor is not connected and power 

is applied. 


This chapter provides the following information about the monitors: 
= Functional description [1.2] 
a Connectors [1.3] 


= Specifications [1.4] 


eee 
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1.2 FUNCTIONAL 
DESCRIPTION 


This section provides a functional description for the VGA color monitor and the 
VGA monochrome monitor. 


VGA Color Monitor 


The VGA color monitor functional description is divided into three parts: 


video 
Signal processing, deflection system, and monitor power supply. 


Refer to Figure 1-1, for the following discussion of the VGA color monitor. 
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Figure 1-1. Video Graphics Color Monitor Block Diagram 
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Video Signal Processing 


The red (R), green (G), and blue (B) analog video signals at the signal cable 
have an amplitude 0.00 V to 0.70 V, depending on the intensity of the primary 
color being displayed. 


These signals are input to the R, G, and B preamplifiers (preamps). The preamps do 
four things: 


= Terminate the signal lines providing impedance matching with the 
Signal interface 


= Provide self-test capability by sensing when the self-test line becomes 
ungrounded (i.e., monitor cable unplugged) 


= Provide means for altering contrast via gain adjustments 


= Buffers video signals to the level required by the video amplifiers 


The signal from the R, G, B preamps is input to the R, G, and B video amplifiers. The 
video signals are amplified to the level required to drive the cathodes of the CRT. 


The R, G, B signals control the current of three electron beams in the CRT. The three 


electron beams excite a color phosphor triad (Red, Green, and Blue) producing the 
color and/or intensity variations as defined by the R, G, B video signal amplitude. 
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Input Characteristics 


These three video inputs consist of red, green, and blue signals, each with an 
associated ground, driven into a balanced terminated line. The video signals are 
analog, where 0 volts corresponds to black or full OFF, and 700 millivolts equals ful 
ON. The load into the monitor is 75 ohms. 


INPUT IMPEDANCE OHMS 
RV - RG 75 
GV - GG 75 
BV - BG 75 


All other logic input signals are TTL. Capacitive loading on the TTL lines is 100 
picofarads maximum. 


Deflection System 


The VGA color and VGA monochrome monitors can operate in three separate vertical 
scan modes: 350, 400, and 480 lines. The mode is determined by the polarity of the 
horizontal sync (HS) and vertical (VS) sync signals. Horizontal operation is fixed 
in one mode. 


Visible Total 


Hor Vert To scan Vert 

User 
+ + Reserved 
- + 362 449 70 Hz 350-line 
+ - 414 449 70 Hz 400-line 
- - 496 525 60 Hz 480-line 


NOTE: In the table above, "Visible to User” scan lines include the border. 


ee 
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Vertical Sync 


The video controller encodes the HS and VS polarities according to the mode in which 
it is operating. The VS and HS signals are input to a sync polarity detector. 

This detector senses average signal levels and detects the polarity of the HS and 

VS signals. 


The sync polarity detector signifies the mode to a vertical oscillator and a vertical 
driver. The display responds to a vertical sync frequency between 50 and 70 Hz. 


The sync polarity detector selects the gain of the vertical driver. Both the 350- and 
400-line modes operate at the same frequency, but the gain is higher for the 350-line 
mode so that fewer lines are visible to the user. 


The vertical driver processes the waveform from the vertical oscillator and produces 
the deflection current for the vertical deflection yoke. 


Horizontal Sync 


The HS signal is input to a horizontal oscillator. Oscillator output is 31.468 kHz 
for all scan modes, when locked. The oscillator output is routed to a horizontal 
driver. The horizontal driver also drives a high-voltage power supply. 


Self-Test 


This input signal is at logic ground if the monitor is connected to the computer. The 
input signal is floating if the monitor is not connected. When this signal and the 
video inputs are floating, the display produces an illuminated raster. When this 
Signal is at ground, there is no effect on the display. 
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Power Supply 


High Voltage 


A high-voltage power supply provides the potentials required for CRT operating bias 
and focus. This supply also provides the high-accelerating voltage (25kV) required by 
the second anode. 


Low Voltage 


Input AC is rectified and filtered, then applied to a switching-mode type low-voltage 
power supply. 


When the VGA color monitor jis turned on cold (power has been off more than 30 
minutes), AC is supplied to the degaussing coil in the CRT. After a few tenths of a 
second, the current amplitude decays quickly. The degaussing process removes any 
residual magnetic fields from the shadow mask, ensuring accurate color purity. 


Monitor-Type Circuit 
The Sense 0 (SO) and Sense 1 (S1) output signals are sampled by the system driving the 


monitor to determine whether or not the monitor is present and if so, the type of 
monitor. Sl is left open, SO is tied to ground (SG). The signal code is shown below. 


S S 

0 ¢ Reserved Grounded 
l 0 = Color 1 = Open 

0 1 = Monochrome 

] ] = No monitor 


This circuit is an alternate scheme and is not used by the controller circuits on the 
system board. 


eee ee a Se a ee ee 
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VGA Monochrome Monitor 


The VGA momochrome monitor is functionally similar to the VGA color monitor with the 
following exceptions: 


One video preamp and one video amplifier (connected to ‘green ) 


The CRT is monochrome and operates at a lower second anode accelerating 
voltage, approximately 12kV 


The horizontal driver, high-voltage and low-voltage power supplies have lower 
power outputs 


No degaussing coil 


Monitor sense connections are reversed from the VGA color monitor 
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The VGA monochrome monitor block diagram is shown in Figure 1-2. 


Monitor 
Video Interface Power 
Input 
® 
= Sync 
Andlog | + Polarity amen 
Video hye 


Detect 


Video 
Amplifier 
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Oscillator Driver 
Deflection 
Amplifier 


High— Voltage 
Supply 


Brightness 
Control 


Figure 1-2. Video Graphics Monochrome Monitor Block Diagram 
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Input Characteristics 


The monochrome video input (MV-MG) with an associated ground, is driven into a 
balanced terminated line. The video signal is analog, where 0 volts corresponds to 
black or full OFF, and 700 millivolts equals full ON. The load into the monitor is 
75 ohms. All other logic input signals are TTL with capacitive loading of 100 
picofarads maximum. 


Self-Test 


A self-test input signal is at logic ground if the monitor cable is connected to the 
video controller, and is floating if it is not. When this signal and the video input 
is floating (cable not connected), the display produces an illuminated raster. When 
this signal is at ground (cable connected), there is no effect on the display. 


1.3 CONNECTORS 


This section describes the connectors for both the VGA color and the VGA 
monochrome monitors. 
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VGA Color Monitor Connector 


The analog signal connector is a shielded, triple-row, 15-position subminiature 


D straight male plug. 


The pinout for this connector is given in Appendix B. 


given below. 


The signal definitions are 


STGNAL CONNECTOR 


Mnemonic 


RV 
GV 
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Signal 

Red Video 

Green Video 
Blue Video 
Reserved 

Sel f-test 

Red Ground 
Green Ground 
Blue Ground 

Key (no pin) 
Logic Ground 
Sense 0 (tie to LG pin 10} 
Sense 1 (no pin) 
Horizontal Sync 
Vertical Sync 
Reserved 
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VGA Monochrome 
Monitor Connector 


The analog signal connector is a shielded, triple-row, 15-position subminiature 
D straight male plug. 


The pinout for this connector is presented in Appendix B. The signal definitions are 
given below. 


STGNAL CONNECTOR 


Pin Mnemonic Signal 

1 = Reserved (no pin) 
2 MV Monochrome Video 
3 -- Reserved (no pin) 
4 -- Reserved (no pin) 
5 ST Self-test 

6 -- Reserved (no pin) 
] MG Monochrome Ground 
8 -- Reserved (no pin) 
9 -- Key (no pin) 

10 LG Logic Ground 

11 S0 Sense 0 (no pin) 
12 Sl Sense 1 (tie to LG, pin 10) 
13 HS Horizontal Sync 
14 VS Vertical Sync 

15 -- Reserved (no pin) 
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1.4 SPECIFICATIONS 


This section includes specifications for the VGA color monitor and the VGA 
monochrome monitor. 


VGA Color Monitor 


The VGA color monitor complies with: 

we C22.2 #220-M1986 CSA safety standards 

m DHHS 21 CFR Subchapter J radiation limits 
= FCC part 15 interference regulations 


= IEC 380 safety regulations 


# UL - 478 safety standard 

= VDE 0806/8.81 safety standard 

= VDE 0871/6.78 RFI suppression limits 

= and other International Regulatory Agency requirements 
we 


ee ee ee re ee ee ee ne 
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Figure 1-3 shows the horizontal and vertical waveforms for the COMPAQ VGA Color 
Monitor (waveforms identical in the monochrome monitor). Note that HS polarity may be 
either negative (as shown) or positive. Tables 1-1 and 1-2 show the horizontal and 


vertical timing for the COMPAQ VGA Color Monitor (timing identical in the 
monochrome monitor). 


vos TUTLLTTPEVTTLLLETLAYL YLT 


VS 


active ----¢ ----~~-~-~--~~-~-~~-~~~-- ; a 
DORGS 000 RieR Se ante iea e  p ee ee a 

front porch  -—---------37--~---~------ 

sync width ~-~-~-------------------------- 
back porch -~-7~-7-37-37-37-3-3-3-3- 3-3 - 


retrace 


ii eee eee ll lee ele 


Vertical Waveforms 


Figure 1-3. VGA Color Monitor Horizontal and Vertical Waveforms 
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Table 1-1. Horizontal Timing (VGA Color Monitor) 


Parameter Pixels Time Frequency 
Total 900 31.778 us 31.468 kHz 
Active 720 25.423 us 

Border 9 0.318 us 

Front Porch 9 0.318 us 

Sync Width 108 3.813 us 

Back Porch 45 1.589 us 

Retrace 153 5.402 us 

Video 35.309 ns 28.3212 MHz 


Table 1-2. Vertical Timing (VGA Color Monitor) 
coe a es 


Parameter Lines Time Frequency 
Total, (see note 1 & 2) 449 14.268 ms 70.09 Hz 


Total, (see note 3) 525 16.683 ms 59.94 Hz 
Border, (see note 1) 6 0.191 ms 
Border, (see note 2) ] 0.222 ms 
Border, (see note 3) 8 0.254 ms 
Active, (see note 1) 350 11.122 ms 
Active, (see note 2) 400 12.711 ms 
Active, (see note 3) 480 15.254 ms 
Front porch, (see note 1) 32 1.017 ms 
Front porch, (see note 2) 6 0.191 ms 
Front porch, (see note 3) 3 0.095 ms 
sync Width 2 0.064 ms 
Back porch, (see note 1) 53 1.684 ms 
Back porch, (see note 2) 27 0.858 ms 
Back porch, (see note 3) 24 0.763 ms 
Retrace, (see note 3) 26 0.826 ms 


NOTES: 1. 350 active scan line mode 


400 active scan line mode 


2 
3. 480 active scan line mode 
————— 


ee a ee a a ae ee a a eee eee ee 
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Table 1-3. COMPAQ VGA Color Monitor Physical Specifications 


Parameter Description 
Resolution VGA-compatible text and graphics resolutions 


Analog video (0.0V to 700mV) .31 mm dot pitch 
70 Hz vertical scan rate (60 Hz for 640 x 480 mode) 
Screen 14-in. screen (diagonal) (35.6 mm) 
Antiglare screen 
Integral tilt/swivel 
- tilt 5 degrees down, 15 degrees up 
- swivel plus or minus 90 decrees 


Monitor Height: 14.1 in (35.7 cm) 
Depth: 14.6 in (37.0 cm) 
Width: 13.8 in (35.0 cm) 
Weight: (approximately) 32.0 lb (14.5 kg) 

Signal Cable Length 72 in (1.8 cm) 

Interface 15-pin video connector 

Environmental Requirements Temperature - Operating: 


Sea level to 7,000 ft (2134 m) 
50° to 104°F (10° to 40°C) 

Above 7,000 ft (2100 m) and below 12,000 ft (3600 m) 
50° to 86°F (10° to 30°C) 


Temperature-Nonoperating: 


32° to 140°F (0° to 60°C) 


Humidity: 
Operating 10% to 90% (noncondensing} 
Nonoperating 10% to 95% (noncondensing} 
Altitude: 
Operating Sea level to 12,000 ft (3,600 m) 
Nonoperating Sea level to 40,000 ft (12000 m) 
Power Cable Length 72 in (1.8 cm) (part number-001) 
Power Cable Connector NEMA 5-15P parallel blade plug 


(North American units only); IEC-320 type male 
power receptacle (International units only, 


part numbers -002 and -004) uf 
Volts North American units 115 VAC (60 Hz) 

International units 220 - 240 VAC (50 - 60 Hz) 
Wattage 100 Watts, maximum 
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VGA Monochrome Monitor 
The VGA monochrome monitor complies with: 
ws C22.2 #220-M1986 CSA safety standards 
= DHHS 21 CFR Subchapter J radiation limits 
= FCC part 15 interference regulations 
= IEC 380 safety regulations 
ws UL - 478 safety standard 
= VDE 0806/8.81 safety standard 
= VDE 0871/6.78 RFI suppression limits 


= and other International Regulatory Agency requirements 
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Table 1-4. COMPAQ VGA Monochrome Monitor Physical specifications 


Parameter Description 
Resolution VGA-compatible text and graphics resolutions 


Analog video (0.0V to 700mV) 
70 Hz vertical scan rate (60 Hz for 640 x 480 mode) 
Screen 12-in screen (diagonal) (30.5 cm) 
Anti-glare screen 
Integral tilt/swivel stand 
- tilt 5 degrees down, 15 degrees up 
- swivel plus or minus 45 degrees 


Monitor Height: 10.2 in (26.0 cm} 
Depth: 12.6 in (32.1 cm) 
Width: 11.7 in (29.8 cm) 
Weight: (approximately) 15.0 1b (6.8 kg) 

Signal Cable Length 72 in (1.8 cm) 

Interface: 15-pin video connector 

Environmental Requirements Temperature-Operating: 


Sea level to 7,000 ft (2134 m) 
50° to 104°F (10° to 40°C) 

Above 7,000 ft (2100 m) and below 12,000 ft (3600 m) 
50° to 86°F (10° to 30°C) 


Temperature-Nonoperating: 


32° to 140 °F (0° to 60°C) 


Humidity: 

Operating 10% to 90% (noncondensing) 

Nonoperating 10% to 95% (noncondensing} 

Altitude: 

Operating Sea level to 12,000 ft (3600 m) 

Nonoperating Sea level to 40,000 ft (12000 m) 
Power Cable Length 78 in (2.0 cm) part#-001; 


(North American units only) 


12 in for part#-002 (International units only) 
Power Cable Connector NEMA 5-15P parallel blade plug (North American 

units only) 

IEC-320 type male power receptacle (International 


units only) 


Volts North American units 115 VAC (60 Hz) 
International units 220-240 VAC (50 - 60 Hz) 
Wattage 90 Watts maximum 
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Figure 1-4 shows the horizontal and vertical waveforms for the COMPAQ VGA Monochrome 
Monitor (waveforms identical in the color monitor). Note that HS polarity may be 
either negative (as shown) or positive. Tables 1-5 and 1-6 show the horizontal and 


vertical timing for the COMPAQ VGA Monochrome Monitor (timing identical in the 
color monitor). 


ine — PLETAL] PIV LTTE LETT 


HS 


active == Sea SSeS : 2 ioe 
6 | | Naa ae ec ao aaa 

front porch 2 -=~~-7---------------- 

sync width = ~----~-------------~-~~--~~~----- 
back porch 2 —- ~~ ----------- = ------ = -- 


retrace€ HF RR FF Fr HH HH HF 


Horizontal Waveforms 


Figure 1-4. VGA Monochrome Monitor Horizontal and Vertical Waveforms 
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Table 1-5. Horizontal Timing (VGA Monochrome Monitor) 

Parameter Pixels Time Frequency 
Total 900 31.778 us 31.468 kHz 
Active 720 25.423 us 

Border e) 0.318 us 

Front Porch 9 0.318 us 

Sync Width 108 3.813 us 

Back Porch 45 1.589 us 

Retrace 153 5.402 us 

Video 35.309 ns 28.3212 MHz 
Table 1-6. Vertical Timing (VGA Monochrome Monitor) 

Parameter Lines Time Frequency 
Total, (see note 1 & 2) 449 14.268 ms 70.09 Hz 
Total, (see note 3) 525 16.683 ms 59.94 Hz 
Border, (see note 1) 6 0.191 ms 

Border, (see note 2) 7 0.222 ms 

Border, (see note 3) 8 0.254 ms 

Active, (see note 1) 350 11.122 ms 

Active, (see note 2) 400 12.711 ms 

Active, (see note 3) 480 15.254 ms 

Front porch, (see note 1) 32 1.017 ms 

Front porch, (see note 2) 6 0.191 ms 

Front porch, (see note 3) 3 0.095 ms 

sync Width 2 0.064 ms 

Back porch, (see note 1) 53 1.684 ms 

Back porch, (see note 2) 27 0.858 ms 

Back porch, (see note 3) 24 0.763 ms 

Retrace, (see note 3) 26 0.826 ms 


nm TN ON a Pa ed] 


NOTES: 1. 350 active scan line mode 
400 active scan line mode 


2 
3. 480 active scan line mode ee 
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